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FOREWORD 


API Recommended Practice 520, Sizing, Selection, and installation of Pressure-Relieving 
Devices in Refineries, is the result of several years’ work by engineers in the petroleum 
industry. 

‘The information in this recommended practice is intended 10 supplement the information 
contained in Section VIII. “Pressure Vessels.” of the ASME Boiler and Pressure Vessel Code. 
‘The recommendations presented mi this publication are not intended to supersede applicable 
taws and regulations. 

Users of this recommended practice are reminded that no publication of this type can be 
complete, nor can any written. document be substituted for qualified engineering analysis. 

‘The current edition of this recommended practice, published in two parts, has been 
updated with respect to the practices generally used in the installation of all devices covered 
in the previous edidons; the currem edition also contains additiona] information based on 
revisions suggested by many individuals and several organizations. 

‘The first edition of this recommended practice was issued in 1955. The second edition was 
published in two parts, Part L “Desigit.” in 1960 and Part I, “Installatiun,” in 1963. The daird 
edition of Part I was issued in November 1967 and reaffirmed in 1973. The fourth edition 
was issued in December 1976, the fifth edition was issued in July 1990. and the sixth edition 
was issued in March 1993. 

API publications may be used by anyone desiring to do so. Every effort has been made by 
the Institute to assure the accuracy and reliability of the data contained in them: however, the 
Institute makes no representation, warranty, or guarantee in connection with this publication 
and hereby expressly disciaims any liability or responsibility for loss or damage resulting 
from its use or for the violation of any federal, state, or municipal regulation with which this 
publication may conflict. 

Suggested revisions are invited and should be submitted to the general manager of the 
Downstream Segment, American Petroleum Institute, 1220 L Street N.W., Washington, 
D.C. 20005. 
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Sizing, Selection, and Installation of 
Pressure-Relieving Devices in Refineries 


Part l—Sizing and Selection 


1 Introduction 
1.1 SCOPE 


This recommended practice applies to the sizing and 
selection of pressure relief devices used in refineries and 
related industries for equipment that has a maximum allow- 
able working pressure of 15 psig [103 kPag} or greater. The 
Pressure relief devices covered in this recommended prac- 
tice are intended to protect unfired pressure vessels and 
related equipment against overpressure from operating and 
fire contingencies. 

This recommended practice inchudes basic definitions and 
information about the operational characteristics and applica- 
tions of various pressure relief devices. It also includes sizing 
procedures and methods based on steady state flow of Newto- 
nian fiuids. 

Pressure relief devices protect a vessel against overpressure 
only; they do not protect against strucwral failure when the 
vessel is exposed to extremely high temperatures such as dur- 
ing a fire. Sec API Reconuuscded Practice 521 for informa- 
tion about appropriate ways of reducing pressure and 
restricting heat input. 

Atmospheric and low pressure storage tanks covered in 
API Standard 2000 and pressure vessels used for the wans- 
portation of products in bulk or shipping containers. are not 
within the scope of this recommended practice. 

The rules for overpressure protection of fired vessels are 
provided in Section I of the ASME Boiler and Pressure Vessel 
Code and ASME B31.1, and arc not within the scope of this 
recommended practice. 


1.2 DEFINITION OF TERMS 


Terms used in this recommended practice relating to pres- 
sure relief devices and their dimensional and operational 
characteristics are defined in 1.2.1 through 1.2.3. The terms 
are covered more specifically in the applicable sections of 
text and accompanying iHustrations. 


1.2.1 Pressure Relief Devices 


1.2.1.1 pressure relief device: Acwated by inlet static 
pressure and designed to open during emergency ox abnormat 
conditions to prevent a rise of intemal fiuid pressure in excess 
of a specified design value. The device also may be designed 
to prevent excessive internal vacuum, The device may be a 
pressure relief valve, a non-reclosing pressure relief device. 
or a vacuum relief valve. 


1.2.1.2 pressure relief valve: A pressure relief device 
designed io open and relieve excess pressure and to reclose 
and prevent the further flow of fluid after normal conditions 
have been restored. 


a. A relief valve is a spring loaded pressure relief valve actu- 
ated by the static pressure upstream of the valve. The valve 
Opens normally in proportion to the pressure increase over the 
opening pressure, A relief valve is used primarily with incom- 
pressible fluids. 

b A safety valve is a spring loaded pressure relief valve actu- 
ated by the static pressure upstream of the valve and 
characterized by rapid opening or pop action. A safety valve 
is normally used with compressible fiuids. 

©. A safety relief vaive is a spring loaded pressure relief valve 
that may be used as either a safety or relief valve depending 
‘on the application. 

4. A conventional pressure relief valve is a spring loaded 
pressure relief valve whose operational characteristics are 
directly affected by changes in the hack pressure. 

©. A balanced pressure relief valve is a spring loaded pres- 
sure relief valve that incorporates a bellows or other means 
for minimizing the effect of back pressure on the operational 
characteristics of the valve 

f. A pilot operated pressure relief valve is a pressure relief 
valve in which the major relieving device or main vaive is 
combined with and controlled by a self actuated auxiliary 
pressure relief valve (pilot). 


1.24.3 nomrrectosing pressure reliet device: A 
pressure relief device which remains open after operation. A 
manual reseting means may be provided. 


1.2.1.4 rupture disk device: A non-reclosing pressure 
relief device actuated by static differential pressure between 
the inlet and oulet of the device and designed to function by 
the bursting of a rupture disk. A nupture disk device includes a 
rupture disk and a rupture disk holder, 


a. A nupture disk is a pressure containing, pressure and tem- 
perature sensitive element of a mpwre disk device. 

b. A rupture disk holder is the structure which encloses and 
clamps the rupture disk in position. (Some disks are designed 
to be installed between standard flanges without holders.) 

c. A nonfragmenting rupuure disk is a rupture disk designed 
and manufactured to be instalied upstream of other piping 
components, such as pressure relief valves, and will not 
impair the function of those components when the disk 
ruptures 
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1.2.1.5 pin-actuated device: A non-reclosing pressure 
relief device actuated by static pressure and designed to func- 
tion by buckling or breaking a pin which holds a piston or a 
plug in place. Upon buckling or breaking of the pin. the pis- 
ton or plug instantly moves to the full open position. 


1.2.2 Dimensional Characteristics of Pressure 
Relief Devices 

1.2.2.1 actual discharge area: The minimum net area 

that determines the flow through a valve. 


1222 curtain area: The area of the cylindrical or coni- 
cal discharge opening between the seating surfaces above the 
nozzie seat created by the lift of the disc. 


1.2.2.3 effective discharge area: A nominal or com- 
puted area used with an effective discharge coefficient to cal- 
culate the minimum required relieving capacity for a pressure 
relief valve per the prelimunary sizing equations contained to 
this practice. API Standard 526 provides effective discharge 
areas for a range of sizes in terms of letter designations, “D" 
through "T”. 

1.2.24 bore area: The minimum cross-sectional flow 
area of a nozzle, Also referred to as nozzle area, nozzle throat 
area and throat area, 


1.2.2.5 huddling chamber: An annular chamber located 
downstream of the seat of a pressure relief valve for the pur 
pose of assisting the valve to achieve lift. 


4.2.2.6 inlet size: The nominal pipe size (NPS) of the 
valve at the inlet connection, unless otherwise designated. 


1.2.2.7 outlet size: The nominal pipe size (NPS) of the 
valve at the discharge connection, unless otherwise desig- 
nated, 


1.2.2.8 lift: The actual wavei of the disc from the closed 
position when a vaive is relieving, 


1.2.29 minimum net ftow area: The calculated net area 
after a complete burst of a rupture disc with appropriate 
allowance for any structural members which may reduce the 
net flow area through the rupture disk device. The net flow 
area for sizing purposes shall aot exceed the nominal pipe 
size area of the rupture disk device. 


1.2.4 Operational Charactoristics 


12.3.1 coefficient of discharge: The ratio of the mass 
flow rate in a valve to that of an ideal nozzle. It is used for cal- 
culating flow through a pressure relief device. 


a The effective coefficient of discharge is a nominal value 
used with an effective discharge area to calculate the mini- 
mum required relieving capacity of a pressure relief vaive 
This capacity is determined in accordance with the applicable 


per the preliminary sizing equations given in this Recom- 
mended Practice. 

b. The med coefficient of discharge is determined in accor- 
dance with the applicable code or regulatton and is used with 
the actual discharge area to calculate the rated flow capacity 
of a pressure retief valve. 


1.2.3.2 System Pressures and Temperatures (See 
Figures 1 and 26 for further clarification of these pressure 
related terms.) 


a. The maximum operating pressure is the maximum pres- 
sure expected during normal system operation. 

b. The maximum allowable working pressure (MAWP) is the 
maximum gauge pressure permissible at the top of a com- 
pleted vessel in its normal operating position at the 
designated coincident temperature specified for that pressure. 
The pressure is the least of the values for the internal or exter- 
nal pressure as determined by the vessel design rules foreach 
element of the vessel using actual nominal thickness, exclu- 
sive of additional metal thickness allowed for corrosion and 
loadings other than pressure. The maximum allowable work- 
ing pressure is the basis for the pressure setting of the 
pressure relief devices that protect the vessel. The MAWP is 
normally greater than the design pressure but must be equal to 
the design pressure when the design rules are used only to 
calculate the minimum thickness for each element and calcu- 
lations are not made to determine the value of the MAWP. 

c. The design pressure of the vessel along with the design 
temperature is used to determine the minimum permissible 
thickness or physica) characteristic of each vessel component 
as determined by the vessel design rules. The design pressure 
is selected by the user to provide a suitable margin above the 
most severe pressure expected during normal operation at a 
coincident temperature. It is the pressure specified on the pur- 
chase order. This pressure may be used im place of the 
maximum allowable working pressure in all cases where the 
MAWP has not been established. The design pressure is equal 
to or Jess than the MAWP. 

d. Accumulation is che pressure increase over the maximum 
allowable working pressure of the vessel allowed during dis- 
charge through the pressure relief device, expressed in 
pressure units or as a percentage of MAWP or design pres- 
sure. Maximum allowable accumulations are established by 
applicable codes for emergency operating and fire 
contingencies. 

e. Querpressure is the pressure increase over the set pressure 
of the relieving device allowed to achieve rated flow. Over- 
pressure is expressed in pressure units or as a percentage of 
set pressure. It is the same as accumulation only when the 
relieving device is set to open at the maximum allowable 
working pressure of the vesset. 

f. The rated relieving capacity is the relieving capacity used 
as the basis for the application of a pressure relief device. 
code or regulation and is provided by the manufacturer. 
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‘Typica! Characteristics of 
Pressure Vessel Reauirements ress Pressure Relief Vaives 


Maximum allowable 
accumulated pressure Maximum relieving pressure 
{fire exposure only) for fire sizing 


Maximum allowable Muttipie valves 
accumulated preseure for Maximum rélieving pressure 
muttiole-valve installation for process sizing 
(other than fire exposure) 
Single-vaive 


Maximum relieving pressure 
tor process sizing 


Maximum allowable 
accumulaied pressure for 
aingle-valve imetaiiaton 
(other than fire exposure} 


Maximum allowable set pressure 
for supplemental vaives 
(fire exposure) 


Ovarpressure (maximum) 


Maximum allowable set pressure 
for additional valves (process) 


Maximum allowable 
working pressure or 
design pressure (see 
Noted) 


Maximurn allowabie set 
pressure for single vaive 


Percent of maximum allowable working pressure (gauge) 


Blowdown {typica!) 
(see Note 6) 


Clozing pressure tor 
a single valve 


it d 
Maximum expacte Leak test pressure (typical) 


‘operating pressure 
(see Notes 5 and 6) 


5 


Notes: 
1. This figure conforms with the requirements of Section VIII of the ASME Boiler and Pressure Vessel Code for MAWPs 
greater thar 30 psi. 

‘The pressure conditions shown are for pressure relief valves installed on a pressure vessel. 

Allowable set-pressure tolerances will be in accordance with the applicable codes 

‘The maximum allowable working pressure is equal to or greater than the design pressure for a coincident design temperauare. 
‘The operaing pressure may be higher or lower than 90. 

Section VIL, Division 1, Appendix M of the ASME Code should be referred to for guidance on blowdown and pressure 
differentials. 


oe auD 


Figure 1—Pressure-Level Reiationships for Pressure Reliet Valves 
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Note: The capacity marked on the device is the rated capacity on 
sleam, ait. gas or water as required by the applicable code. 

1.2.3.3 Device Pressures (See Figures 1, 26, 27, 28, 
and 29 for further clarification of these pressure related 
terms.) 


a The set pressure is the inlet gauge pressure at which the 
pressure relief device is set to open under service conditions. 

b, The cold differential test pressure (CDTP) is the pressure 
at which a pressure relief valve is adjusted to open on the test 
stand. The cold differential test pressure includes corrections 
for the service conditions of back pressure or temperature or 
both. 

c. The burst pressure of a rupture disk at the specified tem- 
perature is the value of the upstream static pressure minus the 
value of the downstream static pressure just prior to when the 
disk barsts. When the downstream pressure is atmospheric, 
the burst pressure is the upstream static gauge pressure. 

ad. The marked burst pressure. or rated burst pressure of a 
rupture disk. is the burst pressure established by tests for the 
specified temperature and marked on the disk tag by the man- 
ufacturer. The marked burst pressure may be any pressure 
within the manufacturing range unless otherwise specified by 
the customer, The marked burst pressure is applied to all of 
the rupture disks of the same jot. 

e. The specified burst pressure is the burst pressure specified 
by the user. The marked burst pressure may be greater than or 
less than the specified burs: pressure but shall be within the 
manufacturing range. The user is cautioned to consider manu- 
facturing range, superimposed back pressure and specified 
Temperature when determining a specified burst pressure. 

f. Burst-pressure tolerance is the variation around the 
marked burst pressure at the specified disk temperature in 
which a rapture disk shall burst. 

g. A lot of rupture disks is those disks manufactured at the 
same time and of the same size, material, thickness, type, heat 
and manutactunng process, including heat treatment. 

h. The manufacturing range is the pressure range in which the 
rupture disk shall be marked. Manufacturing ranges are usually 
catalogued by the manufacturer as a percentage of the speci- 
fied burst pressure, Catalogued manufacturing ranges may be 
modified by agreement between the user and the manufacturer. 

i. Back pressure is the pressure that exists at the outlet of a 
pressure relief device as a result of the pressure in the dis- 
charge system. It is the sum of the superimposed and built-up 
back pressures. 

j. Built-up back pressure is the increase in pressure at the 
outlet of a pressure relief device that develops as a result of 
flow after the pressure relief device opens. 

k. Superimposed back pressure is the static pressure that 
exists at the outlet of a pressure retief device at the time the 
device is required to operate. it is the result of pressure in the 
discharge system coming from other sources and may be con- 
stant or variable. 


1. Blowdown is the difference between the set pressure and 
the closing pressure of a pressure relief valve, expressed as a 
percentage of the set pressure or in pressure units. 

m. Opening pressure is the value of increasing inlet static 
pressure at which there is a measurable lift of the disc or at 
which discharge of the fluid becomes continuous, as deter- 
mined by seeing, feeling or hearing. 

n. Closing Pressure is the value of decreasing inlet static 
pressure at which ie valve disc revstablishes contact widh dre 
seat or at which lift becomes zero as determined by secing, 
feeling or hearing. 

0. Simmer is the audibie or visible escape of compressible 
fiuid between the seat and disc which may occur at an inlet 
static pressure below the set pressure prior to opening. 

p. The operaring ratio of a pressure relief valve is the ratio of 
maximum system operating pressure to the set pressure. 

q. The operating ratio of a rupture disk is the ratio of the 
maximum system operating pressure to a pressure associated 
with a rupture disk as follows (see Figures 28 and 29): 


1. For marked burst pressures above 40 psi: The operating 
ratio is the ratio of maximum system operating pressure to 
the disk marked burst pressure. 

2. For marked burst pressures of 40 pst and below: The 
Operating ratio is the ratio of maximum system operating 
pressure to the marked burst pressure minus 2 psi. 


1. Leak-test pressure is we specified inte. static pressure a 
hich a seat leak test is performed. 

s. The term relieving conditions is used to indicate the inlet 
pressure and temperature on a pressure relief device during an 
overpressure condition. The relieving pressure is equal to the 
valve set pressure (or rupture disk burst pressure) plus the 
overpressure. (The temperature of the flowing fluid at reliev- 
ing conditions may be higher or lower than the operating 
temperature.) 

L. The specyfed disk temperature of a rupture disk shall be 
the temperature of the disk when the disk is expected to burst. 
It is the temperature the manufacturer uses to establish the 
marked burst pressure. The specified disk temperature is 
rarely ever the design temperature of the vesse] and may not 
even be the operating temperature or relief vemperature, 
depending on the relief system configuration. 


1.3 REFERENCED PUBLICATIONS 


‘The current editions of the following standards, codes, and 
specifications are cited in this recommended practice: 


APL 


RP 520 Sizing, Selection, and Installation of Pressure- 
Relieving Devices in Refineries, Pan U. 
“Installation” 

Std 526 Flanged Steel Pressure Relief Valves 


‘SIZING, SELECTION, AND INSTALLATION OF PRESSURE-FELIEVING DEVICES IN REFINERIES, PART t--SIZING AND SELECTION 5 


Std 510 Pressure Vessel Inspection Code—Mainie- 
nance Inspection, Rating, Repair, and 
Alteration 

RP S21 Guide for Pressure-Relieving and Depressur- 
ing Systems 

Sid527 Seat Tightness of Pressure Relief Valves 

RP 576 Inspection of Pressure+Relieving Devices 

Std 2000 “Venting Annospheric and Low-Pressure Stor- 
age Tanks (Nonrefrigerated and Refrigerated). 

ASME! 


Boiler and Pressure Vessel Code, Section I, “Power Boil- 
ers,” 1998 


Boiler and Pressure Vessel Code, Section VII, “Pressure 
Vessels,” Division 1, 1998 


Power Piping, 1995. latest addenda 
Process Piping, 1996, latest addenda 


B31.1 
B313 


2 Pressure Relief Devices 
2.1 GENERAL 


‘This section describes the basic principles, operational 
characteristics, applications, and selection of pressure relief 
devices used independently or in combination. These devices 
include spring loaded and pilot operated pressure selief 
valves, rupuure disk devices, and other pressure selief 
devices. These devices are described in the text and illus- 
tated in Figures 2-18, 


2.2 PRESSURE RELIEF VALVES 
2.2.1 Spring-Loaded Pressure Relief Valves 
2.2.1.1 Conventional Pressure Relief Valves 


2.2.1,1.1 A conventional pressure relief valve (see Figures 
2 and 5) is a self-actuated spring-loaded pressure relief valve 
which is designed to open at a predetermined pressure and 
protect a vessel or system from excess pressure by removing 
or relieving fluid from that vessel or system. The valve shown 
in Figure 5 is available in small sizes commonly used for 
thermal relief valve applications. The basic elements of a 
spring-loaded pressuc ielief valve include au ive nuzzle 
connected to the vessel or system to be protected, a movable 
disc which controls flow through the nozzle, and a spring 
which controls the position of the disc. Under normal system 
operating conditions, the pressure at the inlet is below the set 
pressure and the disc is seated on the nozzle preventing flow 
through the nozzle. 


! American Society of Mechanical Engineers, 345 East 47th Suet, 
New York, New York 10017, 


2.2.1.1.2 Spring-loaded pressure relief valves are referred 
to by a variety of terms, such as safety valves, relief vaives 
and safety relief valves. These terms have been traditionally 
applied to valves for gas/vapor service, liquid service, or 
multi-service applications, respectively. The more generic 
term. pressure relief valve, is used in the text and is applica~ 
ble to all three. 


2.2.1,1.3 The operation of a conventional spring-loaded 
pressure relief valve is based on a force balance (see Figure 
19). The spring-load is preset to equal the force exerted on the 
closed disc by the inlet fluid when the system pressure is at 
the set pressure of the valve. When the inlet pressure is below 
the set pressure, the disc remains seated on the nozzle in the 
closed position. When the inlet pressure exceeds set pressure, 
the pressure force on the disc overcomes the spring force and 
the valve opens. When the inlet pressure is reduced to a level 
below ihe sel pressure. the valve re-closes. 


2.2.1.4.4 When the vaive is closed during normal opera- 
tion, see Figure 19A, the system or vessel pressure acting 
against the disc surface (area A”) is resisted by the spring 
force. As the system pressure approaches the set pressure of 
the valve. the seating force between the disc and the nozzle 


approaches zero. 


2.2.1.1.5 In vapor or gas service, the vaive may “simmer” 
before xt will “pop. When the vessel pressure closely 
approaches the set pressure, fluid will audibly move past the 
seating surfaces into the huddling chamber “B.” As a resuk of 
the restriction of flow between the disc holder and the adjust- 
ing ring, pressure builds up in the huddling chamber B (see 
Figure 19B). Since pressure now’ acts over a larger area, an 
additional force. commonly referred to as the expansive 
force, is available to overcome the spring force. By adjusting 
the adjusting ring, the opening in the annular orifice can be 
altered, thus controlling the pressure build-up in the huddling 
chamber “B.” This controlled pressure build-up in the hud- 
dling chamber will overcome the spring force causing the 
disc to move away from the nozzle seat, and the valve will 
pop open. 


2.2.41.1.6 Once the valve has opened, an additional pres- 
sure build-up at C occurs (see Figure 19). This is due to the 
sudden flow increase and the restriction to flow through 
another annular orifice formed between the inner edge of the 
disc holder skirt and the outside diameter of the adjusting 
ring. These additional forces at “C™ cause the disc to lift sub- 
stantially at pop. 


2.2.1.1.7 Flow is restricted by the opening between the 
nozzle and the disc until the disc has been lifted from the noz- 
zie seat approximately one quarter of the nozzle diameter. 
After the disc has attained this degree of lift, flow is then con- 
trotled by the bore area rather than by the area between the 
seating surfaces. 
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Figure 2—Conventional Pressure Relief Valve with a Single Adjusting Ring for Blowdown Control 
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Figure 3—Balanced-Bellows Pressure Relief Valve 
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2.2.1.1.8 The valve closes when the inlet pressure has 
dropped sufficiently below the set pressure to allow the spring 
force to overcome the summation of forces at A, B, and C. 
The pressure at which the valve re-seats is the closing pres- 
sure. The difference between the set pressure and the closing 
pressure is blowdown. 


2.2.1.1.9 Figure 20 shows the disc travel from the set pres- 
sure, A, to the maximum relieving pressure. B. during the 
overpressure incident and to the closing pressure, C, during 
the blowdown. 


2.2.1.2 Spring-Loaded Pressure Relief Valves 
Designed for Liquid Service Applications 


2.2.1.2.1 Liquid service vaives do not pop in the same 
Manner as vapor service valves (see Figure 21), since the 
expansive forces produced by vapor are not present in liquid 
flow. Liquid service valves mus: necessarily rely on reactive 
forces to achieve lift. 


2.2.1.2.2 When the valve is closed. the forces acting on the 
valve disc are the same as those applied by vapor until a force 
balance is reached and the net force holding the seat closed 
approaches zero. From this point on, the force relationship is 
totaily different. 


2.2.1.2.3 At initial opening, the escaping liquid forms a 
very thin sheet of fluid. as seen in Figure 21, cxpanding 
radially between the seating surfaces. The liquid strikes the 
reaction surface of the disc holder and is deflected downward, 
creating a reactive (turbine) force tending to move the disc 
and holder upward, These forces typically build very slowly 
during the first 2% ~ 4% of overpressure. 


2.2.1.2.4 As the flow gradually increases, the velocity heag 
of the liquid moving through the nozzle also increases. These 
momentum forces, combined with the reactive forces of the 
radially discharging liquid as it is deflected downward from 
the reaction surface (see Figure 21B), are substantial enough 
to cause the valve to go into lift. Typically the valve will sud- 
denly surge to 50% - 100% lift ar 2% — 6% overpressure. As 
the overpressure increases, these forces continue to grow, 
driving the valve into full lift. Liquid service valves, capacity 
certified by ASME, are required to reach full rated capacity at 
10% or tess overpressure. 


2.21.25 In the closing cycle. as the overpressure 
decreases, momentum and reactive forces decrease. allowing 
the spring force to move the disc back into contact with the 
seat. 


2.2.1.2.6 Historically, many pressure relief valves used in 
liquid applications were safety relief or relief valves designed 
for compressible (vapor) service. Many of these valves, when 
used in liquid service, required high overpressure (25%) to 
achieve full lift and stable operation, since liquids do not pro- 


vide ihe expansive forces that vapors do. Where liquid pres- 
sure relief valves were required to operate within the 
accumulation limit of 10%, a conservative factor of 0.6 was 
applied to the valve capacity when sizing the valves. Conse- 
quently, many installations were oversized and instability 
often resulted. The criteria used for sizing this type of valve 
may be found in 3.9. 


2.2.1.2.7 Rules have been incorporated into the ASME 
Boiler and Pressure Vessel Code, Section VIN. as well as 
other international standards which address performance of 
liquid service valves at 10% overpressure and which require a 
capacity certification. Pressure relief valves designed for liq- 
uid service have been developed which achieve full iift, stable 
operation, and rated capacity at 10% overpressure in compli- 
ance with the requirements. Blowdown is adjustable in some 
designs. Some valves are designed so that they operate on liq- 
uid and gas. Such valves. may however, exhibit different 
operational characteristics, depending on whether the flow 
stream is liquid, gas, or a combination of the two. Many pres- 
sure relief valves designed for liquid service. for example, 
will have a much longer blowdown (typically 209) on gas 
than on liquid service. Additionally, some variation in set 
pressure may occur if the valve is set on liquid and required to 
operate on gas or vice versa. 


22.128 The miles for sizing pressure relief valves 
designed for liquid service are given in 3.8. If a capacity on 
gas service is required, 3.6.2 or 3.6.3 should be used for the 
preliminary sizing calculation. Capacity certification data 
for sizing on liquid and gas service should be obtained from 
the manufacturer for use in final sizing and application of 
the valve. 


2.2.1,2.9 Spring-ioaded pressure relief valves designed for 
liquid (or liquid and gas) applications and which are balanced 
to minimize the effects of back pressure are recommended for 
two phasc applications whcn the fluid being relieved may be 
liquid, gas. or a multi-phase mixture. Many manufacturers 
recommend that valves designed for liquid or liquid-and-gas 
service be used if the mass percentage of the two phase mix- 
ture at the valve inlet is 50% vapor or less. In addition, if the 
Tati of liquid to gas in the flow strearn is not certain, a valve 
specifically designed for liquid service or for service on liquid 
and gas should be used. 


2.2.1.2.10 Pressure refief valves designed for liquid and 
gas service should be specitied tor the fluid the valve 1s nor 
maily exposed to. For example, if a liquid and gas service 
valve is located in the vapor region of a vessel containing a 
liquid levet, the valve should be specified for gas service. The 
valve capacity stamped on the nameplate will be in SCFM of 
air. If a liquid and gas service valve is located on the water 
side of a heat exchanger, then the valve should be specified in 
liquid service. This valve will have a capacity stamped in 
GPM of water. 


STING, SELECTION, AND INSTALLATION OF PAESSURE-RELIEVING DEVICES IN REFINERIES, PART I—SIZING AND SELECTION 


: 
& 
& 
& 


Adjusting screw 


= AA 


yen eee saad or 


04 
Se 


Vent (unplugged) 


ens 


shit 
(rer 


Bonnet 
Spring 


‘Seating surface 
Adjusting sing 


Balanced piston 


Figure 4—Balanced-Gellows Pressure Relief Valve with an Auxiliary Baianced Piston 
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Figure 5—Conventional Pressure Relief Valve with Threaded Connections 
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Figure 6—Pop-Action Pilot-Operated Valve (Flowing-Type) 


2.2.1.2.11 In some applications, the vaive may be required 
to relieve a liquid or a gas depending on the condition causing 
the overpressure (heat exchanger tbe rupture, for example). 
in this application, a valve designed for liquid service or one 
designed for liquid and gas service is recommended. 


22.1.3 Balanced Pressure Relief Valves 


2.2.1.3.1 A balanced pressure relief valve is a spring- 
loaded pressure relief valve which incorporates a bellows or 
other means of balancing the valve disc to minimize the 
effects of back pressure on the performance characteristics of 
the valve (see Figures 3 and 4), 


2.2.1.3.2 When a superimposed back pressure is applied to 
the outlet of 2 spring-loaded pressure relief valve, a pressure 


force is applied to the valve disc which is additive to the 
spring force. This added force increases the pressure at which 
an unbalanced pressure relief valve willopen. If the superim- 
posed back pressure is variable then the pressure at which the 
valve will open will vary (see Figure 22). In a balanced-bel- 
tows pressure relief valve, a bellows is auached to the disc 
holder with a pressure area, Ap, approximately equal to the 
seating area of the disc. Ay (see Figure 23). This isolates an 
area on the disc, approximately equal to the disc seat area, 
frorn the back pressure. With the addition of a bellows, there- 
fore, the set pressure of the pressure relief valve will remain 
constant in spite of variations in back pressure. Note thar the 
intemal area of the bellows in a balanced-bellows spring- 
loaded pressure relief valve is referenced to atrnospheric pres- 
sure in the valve bonnet. It is important to remember that the 
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Figure 7—Pop-Action Pilot-Operated Valve (Nonflowing-Type} 


bonnet of a balanced pressure relief valve must be vented to 
the atmosphere at all times for the bellows to perform prop- 
erly. If the valve is located where atmospheric venting would 
present a hazard or is not permitted by environmental reguia- 
tions, the vent should be piped to a safe location that is free of 
back pressure that may affect the pressure relief valve set 
pressure. 


2.2.1.3.3 Other means of balancing a spring-loaded pres- 
sure relief valve such as a sealed piston are used in some 
valve designs. These designs perform in a manner similar to 
the balanced bellows design. 


22.1.3.4 When the superimposed back pressure is con- 
stant, the spring-load can be reduced to compensate for the 
effect of back pressure on set pressure, and a balanced valve 
is not required. There are cases where superimposed back 


pressure is not always constant and such cases must be eval- 
uated carefully. 


2.2.1.3.5 Balanced pressure relief valves should be consid- 
ered where the built-up back pressure (back pressure caused 
by flow through the downstream piping after the relief valve 
lifts) is too high for a conventional pressure relief (see 
3.3.3.1). A Ustailed discussion of back pressure and its cffects 
8 pressure relief valve performance and flow capacity can be 
found in 3.3, 


2.2.1.3.6 Balanced pressure relief valves may also be used 
ag a means 10 isolate the guide, spring, bonnet and other top 
works parts within the vaive from the relieving fluid. This 
may be important if there is concern that the fiuid will canse 
corrosive damage to these parts. 
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Figure 8~Modulating Pilot-Operated Valve (Flowing-Type) 
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Figure 9—-Pilot-Operated Relief Vaive with a Nonflowing Modulating Pilot Vaive 


2.2.2 Pllot-Operated Pressure Relief Valves 


2.2.2.1 A pilot-operated pressure relief valve consists of 
the main valve, which normally encloses a floating unbal- 
anced piston assembly, and an external pilot (see Figures 6 
through 10). The piston is designed to have a larger area on 
the top than on the botiom. Up to the set pressure, the top and 
bowom areas are exposed to the same inlet operating pressure. 
Because of the larger area on the top of the piston. the net 
force holds the piston tightly against the main valve nozzle. 
As the operating pressure increases, the net seating force 
increases and tends to make the valve tighter, This feature 
allows most pilot-operated valves to be used where the maxi- 
mum expected operating pressure is higher than the percent- 
age shown in Figure . At the set pressure, the pilot vents the 
pressure from the top of the piston; the resulting net force is 


now upward causing the piston to lift, and process flow is 
established through the main valve, After the overpressure 
incident, the pilot will close the vent from the top of the pis- 
ton, thereby re-establishing pressure, and the net force wiil 
cause the piston to reseat. 


2.2.2.2 The main valve of the pilot-operated pressure 
relief valve can use a diaphragm in lieu of a piston to pro- 
vide the unbalanced moving component of the valve. A disc, 
which normaily closes ihe main valve inlet, is integral with 
a flexible diaphragm (see Figure 10). The external pilot 
serves the same function to sense process pressure, vent the 
top of the diaphragm at sét pressure, and reload the dia- 
phragm once the process pressure is reduced. As with the 
piston valve, the seating force increases proportionally with 
the operating pressure because of the differential exposed 
area of the diaphragm. 
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Figure 10—Low-Pressure Pilot-Operated Valve (Diaphragm-Type) 


2.2.2.3 The lift of the main valve piston or diaphragm. 
unlike a conventional or balanced spring loaded vaive. is not 
affected by buill-up back pressure. This allows for even 
higher pressures in the relief discharge manifolds. 


222.4 The pilot vent can be either directly exhausted to 
anmosphere or to the main valve outiet depending upon the 
pilot’s design and user's requirement. Only 2 balanced-type 
of pilot, where set pressure in unaffected by back pressure, 
should be installed with its exhaust connected to a location 
with varying pressure (such ac to the main valve outlet) 


Slight variations in back pressure may be acceptable for 
unbalanced pilots {see 3.3.3.1). 


2225 Abackflow preventer is required when the possibil- 
ity exists of developing a pressure on the discharge side of the 
valve that exceeds the inlet pressure of the valve. The higher 
discharge pressure can cause sufficient upward force on the 
diaphragm or piston to open the valve and cause flow rever- 
sal. The backflow preventer allows the discharge pressure to 
provide a net downward force on the diaphragm or piston to 
keep the valve closed (ser Fignre 7) The proper operation of 
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the backflow preventer is critical to further insuring no flow 
reversal occurs in the valve. The selection of the material and 
seals in the backflow preventer should be consistent with the 
pilot-operated relief valve. 


2.2.2.8 The pilot that operates the main vaive can be either 
@ pop-action or modulating-action pilot. The pop-action pilot, 
as shown in Figure 24, causes the main valve to lift fully at set 
pressure without overpressure. The modulating pilot, as 
shown in Figure 25, opens the main valve oniy enough to sat- 
isfy the required relieving capacity. 


22.2.7 The pilots may be either a flowing or nonflowing 
type. The flowing type allows process fluid to continuously 
flow through the pilot when the main valve is open; che non- 
flowing type does not. The nonfiowing pilot-type is generally 
recommended for most services to reduce the possibility of 
hydrate formation (icing) or solids in the lading fluid affect- 
ing the pilot’s performance. 


2.2.2.8 Pilot-operated pressure relief vaives are available 
for use in liquid and vapor services. Operating characteristics 
of some pitot-operated pressure relief valves are unaffected 
by the state of fluid (liquid or gas) and these types are recom- 
mended for two-phase flow applications. 


2.2.2.9 Similar to soft seated spring-loaded valves, most 
main valves and their pilots contain nonmetallic components 
and process temperamre and fluid compatibility can limit 
their use. In addition, as with all pressure relief devices, fluid 
characterisucs such as susceptibiliry to polymerization cr 
fouling, viscosity, the presence of solids, and corrosiveness 
should be considered. The manufacturer should be consuited 
to ensure that the proposed application is compatible with 
available valves. 


2.3 RUPTURE DISK DEVICES 
2.3.1 General 


2.3.1.1 Rupture disk devices are non-reclosing pressure 
relief devices used to protect vessels, piping and other pres- 
sure containing components from excessive pressure and/or 
vacuum. Rupture disks are used in single and multiple relief 
device installations. They are also used as redundant pressure 
relief devices. 


2.3.1.2 With no moving parts, rupture disks are simple, 
reliable and faster acting than other pressure relief devices 
Rupture disks react quickly enough to relieve some types of 
pressure spikes. Because of their light weight, rupture disks 
can be made from high alloy and corrosion-resistant materials 
that are not practical in pressure relief valves. 


2.3.1.3 Rupture disks can be specified for systems with 
vapor (gas) or liquid pressure relief requirements. Also, 
rupture disk designs are available for highly viscous fluids. 
‘The use of rupture disk devices in liquid service should be 


carefully evaluated to ensure that the design of the disk is 
suitable for liquid service. The user should consult the 
manufacturer for information regarding liquid service 
applications. 


2.3.1.4 The rupture disk is also a temperature sensitive 
device. Burst pressures can vary significantly with the tem- 
perature of the rupture disk device. This temperature may be 
different from the normal fluid operating temperature. As the 
temperature at the disk increases, the burst pressure usually 
decreases. Since the effect of temperature depends on the mup- 
ture disk design and material, the manufacturer should be 
consulted for specific applications. For these reasons, the rup- 
ture disk must be specified at the pressure and temperature 
the disk is expected to burst. 


2.3.1.5 Care must de taken during installation to avoid 
damaging the disk and to ensure that the disk and holder are 
properly oriented relative to the flow. A damaged or improp- 
erly oriented disk may bursi considerably higher than its 
marked burst pressure. depending on the style of the disk. 
Contact the manufacturer for information about the effects of 
damage or improper orientation for a specific style of disk. 


2.3.1.6 Care must also be taken to follow the manufac- 
turer’s bolt torque and tightening procedures during installa- 
tion. Improper torque can also affect the disk’s burst pressure. 


2.3.2 Application of Rupture Disks. 
2.3.2.1 Single, Multiple, and Fire Applications 


Rupture disks can be used in any application requiring 
overpressure protection where a non-reclosing device is suit- 
abie. This includes single, multiple, and fire applications as 
specified in UG-134 of the ASME Code. Figure 26 provides 
the pressure level relationships between rapture disks and the 
protected equipment per the ASME Code. Section VI. 


2.3.2.2 Rupture Disk Device at the Inlet of a 
Pressure Fielief Vaive 


2.3.2.2.1 The ASME Code, Section VII, Division 1 also 
allows for the use of rupture disks in combination with pres- 
sure relief valves (see Figure 17). Rupture disks are used 
upstream of pressure celief valves (0 seal the system to meet 
emissions standards, 10 provide corrosion protection for the 
valve, and to reduce valve maintenance. 


2.3.2.2.2 When a rupture disk device is installed a the 
inlet of a pressure relief valve, the devices are considered to 
be close coupled, and the specified burst pressure and set 
pressure should be the same nominal value. When installed in 
liquid service it is especially important for the disk and valve 
to be close coupled to reduce shock loading on the valve. 


2.3.2.2.3 The space between the mpture disk and the 
pressure relief valve shall have a free vent, pressure gauge, 
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Figure 11—Forward-Acting Solid Metal Rupture Disk 
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uycock. or suitable telltale indicator as required in UG-127 
of Section VIII. Division I, of the ASME Code. A nonvented 
space with a pressure gauge without alarms or other 
devices, is not recommended as a suitable telltale indicator. 
Users are wamed that a rupture disk will not burst in toler- 
ance if back pressure builds up in a nonvented space 
between the disk and the pressure relief valve, which will 
occur should leakage develop in the rupture disk due to cor- 
rosion or other cause. 


2.3.2.3 Rupture Disk Device at the Outiel of a 
Pressure Relief Vaive 


A mupture disk device may be installed on the outlet of a 
pressure relief valve to protect the valve from atmospheric or 
downstream fluids. Consideration shall be given to the valve 
design go that it will open at its proper pressure setting 
segardless of any back pressure that may accumulate between 
the valve and rupture disk. See UG-127 of the ASME Code 
for other requirements and considerations. 


2.3.2.4 Highty Corrosive Applications 


In highly corrosive applications, two rupture disks are 
often used together. A double disk assembly consists of two 
rupture disks mounted in a special holder with a vapor space 
between them. [f the first disk develops a leak due to corro- 
sion the second disk will contain the fluid. The vapor space 
between the disks should have a free vent, pressure gauge, 
wycock or suitable telhale indicator for monitoring of pres- 
sure build-up. This gives the user an indication that replace- 
ment of the rupture disk is required. 


2.3.2.5 Highly Viscous Applications 


Rupture disk designs are available for processes with high 
viscosity fluid, including nonabrasive slurries, where fluid 
flow is directed across the rupture disk inlet ro prevent prod- 
uct build-up which may otherwise adversely affect rupture 
disk performance. The disk manufacturer should be consulted 
for details in these applications. 


2.3.3. Types of Rupture Disks 
There are 3 major rupture disk types: 


a. Forward-acting, tension loaded. 
. Reverse-acting, compression loaded. 
c. Graphite, shear loaded. 


2.3.3.1 Forward-Acting Solid Metal Rupture Disks 


A forward-acting rupture disk is a formed (domed), solid 
metal disk designed to burst at a rated pressure applied to 
the concave side (see Figure 11). This rupture disk typically 
has an angular seat design and provides a satisfactory ser- 


vice life when operating pressures are up to 70% of the 
marked burst pressure of the disk (70% operating ratio). 
Consuit the manufacturer for the actual recommended oper- 
ating ratio for the specific disk under consideration. If vac- 
uum or back pressure conditions are present, the disk can be 
furnished with a support to prevent reverse flexing. These 
disks have a random opening pattern and are considered 
fragmenting destgns that are not suitable for installation 
upstream of a pressure relief valve. 


2.3.3.2 Forward-Acting Scored Rupture Disks 


The scored forward-acting ruprure disk is a formed 
(domed) disk designed to burst along scored lines at a rated 
pressure applied to the concave side (see Figure 12). Some 
designs provide satisfactory service life when operating pres- 
sures are up to 85% — 90% of the marked burst pressure of the 
disk (85% — 90% opcrating ratio). Conswit the manufacturer 
for the actual recommended operating ratio for the specific 
disk under consideration. Most designs withstand vacuum 
conditions without a vacuum support, If back pressure condi- 
tions are present, the disk can be furnished with a support to 
prevent reverse flexing. Because the score lines contro} the 
opening pattem, this type of disk can be manufactured to be 
nonfragmenting and acceptable for installation upstream of a 
pressure relief valve. The scored, forward-acting rupture disk 
is manufactured from thicker material than nonscored designs 
with the same burst pressure, and provides additional resis- 
tance {0 mechanical damage. 


2.3.3.3 Forward-Acting Composite Rupture Disks 


2.3.3.3.1 A forward-acting composite rupture disk is a flat 
or domed multipiece construction disk (see Figure 13). The 
domed composite rupture disk is designed to burst at a rated 
pressure applied to the concave side. The flat composite rup- 
ture disk may be designed to burst at a rated pressure in either 
or both directions. Some designs are nonfragmenting and 
acceptable for use upstream of a pressure relief valve. 


2.3,3.3.2 The domed composite rupture disk is available in 
flat seat or angular seat design. The burst pressure is con- 
uvlled by the combination of slits and tabs in the (op section 
and a metallic or normetallic seal member under the top sec- 
tion. Composite rupture disks are generally available in burst 
prossures lower than those of forward acting, nonscored rip. 
ture disks. Composite rupture disks may offer a longer ser- 
vice life as a resuit of the corrosion resistant properties of the 
sea] material selected. 


2.3.3.3.3 The slits and tabs in the top section provide a 
predetermined opening pattern for the rupture disk, If vacuum. 
or back pressure conditions are present. composite disks can 
be fumished with a support to prevent reverse flexing (see 
Figure 13). A domed, composite mpture disk generally 
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Figure 12—Forward-Acting Scored Rupture Disk 
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Figure 13—Forward-Acting Composite Rupture Disk 
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provides satisfactory service life when the operating pressure 
is 80% or less of the marked burst pressure (80% operating 
ratio), Consult the manufacturer for the actual recommended 
operating ratio for the specific disk under consideration. 


2.3.3.3.4 A flat composite rupture disk is available for the 
protection of low pressure vessels or the isolation of equip- 
ment such as exhaust headers or the outlet side of a pressure 
relief valve. This disk usually comes complete with gaskets 
and is designed to be installed between companion flanges 
rather than within a specific rupture disk holder. Flat compos- 
ite rupture disks generally provide satisfactory service life 
when operating pressures are 50% or less of the marked burst 
pressure (50% operating ratio). Consuk the manufacturer for 
the actual recommended operating ratio for the specific disk 
under consideration. 


2.3.3.4 Reverse-Acting Rupture Disks 


2.3.3.4.1. A reverse-acting rupture disk typically is a 
formed (domed) solid metal disk designed to “reverse” and 
burst at a rated pressure applied on the convex side. Reverse- 
acting rupture disks are designed to open by such methods as 
shear, knife blades, knife rings, or scored lines (see Figures 
14 and 25), 


2.3.3.4.2 Reverse-acting rupture disks may be manufac- 
tured as nonfragmenting and suitable for installation 
upstream of pressure relief vaives. These disks provide sat- 
isfactory service life when operating pressures are 90% or 
Jess of marked bursi pressure (90% operating ratio). Consult 
the manufacturer for the actual recommended operating 
ratio for the specific disk under consideration. Because a 
reverse-acting rupture disk is operated with pressure applied 
on the convex side, thicker disk materials may be used, 
thereby lessening the effects of corrosion, eliminating the 
need for vacuum support, and providing longer service life 
under pressure/vacuum cycling conditions and pressure 
fluctuations. 


2.3.3.4.3 Knife blades installed in holders should be con- 
structed of corrosion-resistant material and should be 
inspected periodically to insure sufficient sharpness to open 
the disk. Dull or damaged knife blades may prevent proper 
opening of the disk. 


2.3.3.5 Graphite Rupture Disks 


2.3.3.5.1 Graphite mupwre disks are typically machined 
from a bar of fine graphite that has been impregnated with a 
binding compound (see Figure 16). The disk operates on a 
pressure differential across the center diaphragm or web por- 
tion of the disk. Graphite rupure disks provide a satisfactory 
service life when operating pressures are up to 80% of the 
marked burst pressure (80% operating. ratin) and ean he used 


in both liquid and vapor service. Consult the manufacurer for 
the actual recoramended operating ratio for the specific disk 
under consideration. 


2.3.3.5.2 If vacuum or back pressure conditions are 
present, the disk can be furnished with a support to prevent 
reverse flexing. These disks have a random opening patie 
and are considered fragmenting designs that are not suitable 
for instatlation upstream of a pressure relief valve. A metallic 
Ting called armoring is often added to the outside diameter of 
the disk to help sapport uneven piping loads and minimize the 
potential for cracking of the outer graphite ring and blow-out 
of process fiuid. 


2.3.4 Rupture Disk Holders 


Rupmure disk holders are used to clamp the rupture disk in 
place and effect a leak-tight, metal-to-metal seal. The seating 
area of the holders is typically unique to specific manufacsr- 
ers and styles of npture disks. Rupture disk holders are avail- 
able in a vanety of configurations including full bolting. 
weldneck, threaded. etc. The most common configuration is 
the insert type which fits between standard pipe flanges, and 
the outside diameter of the holder fits inside the flange studs. 
Rupture disk holders are available in a variety of materials 
and coatings. 


2.3.5 Rupture Disk Accessories 


A variety of accessories are available for use with rup- 
ture disks in various applications. The following provides a 
brief description of some of these components and their 
application. 


a. Rupture Indicators and Sensors—These devices typically 
provide an electrical or mechanical signal which can indicate 
the opening and/or leakage of a rupture disk or pressure relief 
valve. 

b. Alarm Monitors—Alarm monitors are available to moni- 
tor rupture disk indicators or sensors. Alarm monitors are 
available with inwinsically safe circuits. 

c. Heat. Shields—Heat shields are generally installed 
upstream of the mpture disk in high temperature processes to 
reduce the temperature at the rupture disk. 

4. Baffle Plares—-When venting to atmosphere. baffle plates 
can be used to deflect process discharge away from personne] 
and equipment. 


2.3.6 Rupture Disk Selection and Specification 
Rupture disk selection is based on the operating parameters 

of the system in which it is installed. These parameters should 

be specified by the Purchaser when purchasing rupwre disks. 

These parameters include, but are not limited to: 

a. MAWP of vessel or piping. 

bh  Finid state (vapor, liquid. or multiphase). 
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(CORRECT INSTALLATION 
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rupture disk holder 
(inet and cutiet shown) 


Figure 14—Reverse-Acting Rupture Disk with Knife Blades 


c. Range of operating pressurcs and opcrating temperature, 
d, Cyclic or pulsating service. 

e. Required relieving capacity. 

f. Corrosiveness of upstream and downstream environment. 
g. Vacuum or back pressure conditions. 


hh. Location upstream or downstream of a pressure relief 
valve. 


i, Single or multiple devices. 

The following rupture disk parameters are selected or 
determined based on the above system operating parameters: 
a. Burst pressure and temperature (see Figure 26). 

b. Operating ratio, manufacturing range and burst tojerance 
(see Figures 28A, 28B, and 28C). 

c¢. Disk cype, material and construction. 

d. Disk and holder size (based on required flow per 3.11). 


2.3.6.1 Rupture Diek Seleation 


2.3.6.1.1 Rupture disk types and basic performance char- 
acteristics are described in 2.3.3 and may be used as a basis 
for selection. The relationship between system pressures and 
the operating Characteristics of a rupture disk device are 
shown in Figure 26. Since the marked burst pressure of a up- 
ture disk can be anywhere within its manutacwring range, the 
user is cautioned to make sure that the upper limit of the man- 
ufacturing range does not exceed the MAWP of the equip- 
ment being protected. As showa in Figure 27, when the disk 
has a positive manufacturing range, the marked burst pressure 
of the disk can actually be greater than the specified pressure. 


2.3.6.1.2 The maximum pressure at which a rupture disk 
may be marked to burst is the upper limit of its manufacturing 
range. The minimum pressure at which a rupture disk may be 
marked to burst is the lower limit of its manufacuring range. 
Figures 28A, 28B, and 28C provide graphical examples of 
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Figure 15—Reverse-Acting Scored Rupture Disk 
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CORRECT INSTALLATION 
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Figure 16—Graphite Rupture Disk 


common relationships between burst pressure. manufacturing 
Tange, burst (vicrauce, and opealisny pressure. 


2.3.6.1.3 Rupture disk selection is an iterative and some- 
times complex process. The procedure given below should be 
used for rupture disk selection where there is no superim- 
posed back pressure. Consult the manufacturer for assistance 
if needed. 


L. Select the upper limit of the manufacturing range. This 
is typically based on the MAWP of the protected equip- 
ment as determuned by the ASME Code or process 
requirements. In some applications, such as in muitiple or 
supplemental device installaiion (see 3.5.2), the upper 
limit of the manufacturing range may exceed the MAWP 
of the protected equipment. 

2. Determine the specified burst pressure by subrracting 
the positive portion of the manufacturing range, as listed 
in the manufacturer's catalog, from the upper limit of the 
manufacturing range. 


3. Determine the lower limit of the manufacturing range 
by subtracting the negative portion of the manufacturing 
range, as listed in the manufacturer's catalog, from the 
specified burst pressure. 

4, Determine the operating ratio by dividing the maxi- 
mum operating pressure by the lower limit of the 
manufacturing range. 

Note: When calculating the operating ratio for disks with speci- 
fied burst pressures Jess than 40 psig, subtract 2 psi from the 
lower limit of the manufacturing range prior to calculating the 
operating ratio. 

5. Select a rupture disk based on the specified burst pres- 
sure and the manufacturing range, and compare the 
operating ratio with the manufacturer's maximum recom~- 
mended operating ratio as listed in the product catalog. [f 
the operating ratic exceeds the manufacturer's maximum 
recommended operating ratio, select a smaller manufac- 
turing range. if available, for that disk style or change disk 
style and repeat steps 2 through 5. 
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Figure 17—Rupture Disk Device in Combination with a Pressure Relief Valve 
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Figure 10—Buekling Pin Vaive 


2.3.6.1.4 Superimposed back pressure significantly com- 
Plicates the design and selection process of the rupture disk 
device, Figure 29 provides an example of a rupture disk with 
superimposed back pressure. The impact of the superimposed 
back pressure must be considered when selecting the speci- 
fied burst pressure and determining the operating ratio. Con- 
sideraiou :ust alsy be given in ihe cvent the superimposed 
back pressure is inadvertently reduced below that which was 
used to specify the disk, since this could resuit in undesired 
disk activation. 


2.3.6.1.5 For most closed systems the superimposed back 
pressure normally varies between some minimum and maxi- 
mum pressure. For the particular rapture disk device being 
designed, the superimposed back pressure does not normally 


include the pressure caused by other relief devices venting 
into the closed system uniess that pressure would cause the 
relief pressure to exceed the code allowed accumolated pres- 
sure. However, the back pressure, caused by the venting of 
other relief devices, still needs to be considered when specify- 
ing the disk and may result in additions such as a vacuum of 
back pressure support to protect the disk. 


2.3.6.2 Rupture Disk Device Specification 


Accurately and compleiely documenting the process con- 
ditions and rupture disk device specitications is 2 key element 
in selecting the proper rupture disk. Appendix A provides a 
Rupture Disk Device Specification Sheet and step-by-step 
guidance for completing the specification sheet, 
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Figure 19—Pressure Relief Valve Operation—Vapor/Gas Service 


28 AP] RECOMMENDED PRACTICE 520 


Lift of dsk (percent) 


0 
Closing Set Maximum 
pressure relieving 
pressure 


Figure 20—Typical Relationship Between Litt of Disk in 
a Pressure Relief Valve and Vessel Pressure 


2.4 PIN-ACTUATED DEVICES 
2.4.1 General 


Pin-actuated pressure relief devices are non-reclosing 
devices consisting of a moving disc exposed to the pressure 
system, and an external mechanism housing a pin which is 
mechanically linked to the disc. Pins may be loaded in ten- 
sion (breaking pins) or in compression (buckling pins, see 
Figure 18). The pm restrains the movement of the disc until 
the specified set pressure is reached. At this point the pin fails 
and the disc opens. 


2.42 Buckling Pin Devices 


Buckling pin devices, as shown in Figure 18. are compres- 
sion-loaded pin-actuated devices and are the most extensively 
used type of pin-actuaied device. Compression-loaded buck- 
ling pin devices are very stable and weil suited to applications 
that have both cyclic operating conditions. and up fo or above 
a 90% or greater ratio between operating pressure and set 
pressure. 

Buckling pin devices may be sensitive to differential pres- 
sures. Operating coudicions on bath sides of the device necd 
Wo be reviewed between the user and the manufacturer. 


2.4.21 Set Pressure and Temperature 


2.4.24.1 The set pressure of the pin-actuated device 
should be determined by the user, and an agreed tolerance 
either side of the nominal. set pressure should be established 
with the manufactures. The tolerance required per the ASME 
Code, Case 2091, is + 3%. 
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Figure 21—Pressure Retief Vatve Operation— 
Liquid Service 
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‘Spring Bonnet 
Vented to Valve Discharge 


‘Back pressure increases 
set pressure 


PrAn= Fs+ (Pe An) 


Ap> AN 
‘Ap = disk area, 
Ay © nozzle seat area, 
Fg = spning force. 
Py = wessel pressure in pounds per square inch gauge, 
Pg = superimposed back pressure, in pounds per 
square inch gauge. 


Figure 22—Typical Effects of Superimposed Back 
Pressure on the Opening Pressure of Conventional 
Pressure Relief Vaives 


2.4.2.1.2 The weued parts of the device must be designed 
to mee the process temperature to ensure that acceptable 
materials are selected. However. since the pin is external to 
the process, the pin is not exposed to the process temperature 
conditions but rather to the external environmental condi- 
ons. The pin, therefore, must be designed based on the 
external environmental temperature 10 ensure that the set 
pressure of the device is correctly established. 


2.42.1.3 Compression-loaded buckling pins have a low 
sensitivity to temperature. If a pin device will see service over 
a wide range of environmental temperatures, or outside of an 
ambient temperature range, then advice concerning change in 
set pressure should be sought from the manufacturer. In some 
cases it may be recommended to conduct specific temperature 
testing of pins before delivery of the device. 


2422 Leak Tightness 


2.4.2.2.1 The buckling pin device typically uses elastomer 
seals. The seal material should be carefully chosen to satisfy 
both the chemical conditions and the anticipated service tem- 


Baianced Disk and 
Vented Piston Type 


Balanced Disk and 
Vented Bellows Type 


Ag = effective bellows area, 

Ap = disk area, 

Aw = nozzle seat area, 

Ap = piston area (top), 

Fs = spring foros, 

Py © vessel gauge pressure, 

Pe = superimposed back pressure, in pounds per 
square Inch gauge, 

Pg = set pressure, in pounds per square inch gauge. 


Note: In this figure. Py = Ps (PyXAy) = Fs (iypical): and 
Ps= Fef/Ay. 


Figure 23—Typical Effects of Back Pressure on the Set 
Pressure of Balanced Pressure Relief Valves 
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Figure 24—Typical Relationship Between Lift of Disk or 
Piston and Vessel Pressure in a Pop-Action Pilot- 
Operated Pressure Reiief Valve 
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Figure 25—Typical Relationship Between Litt of Disk or 
Piston and Vessel Pressure in a Modulating-Action 
Pitot-Operated Pressure Relief Valve 


peratures. It is recommended that the leak tightness of the 
device be tested per API RP 527 before shipment by the 
manufacturer. 


2.4.2.2.2 If the application is vacuum service and/or back 
pressure exists, the manufacturer needs to be Notified to 
ensure proper sealing under such conditions. 


2.4.2.3 Marking and Tagging 


The buckling pin device should be clearly marked to indi- 
cate the direction of flow, set pressure, nominal size, serial 
number and model or type designation, materials of construc- 
tion, and the manoufacturer. Each pin, or a tag attached to each 
pin, should be marked with the manufacturer, lot number, 
device model or type, set pressure and pin/device identifier. 
The lot number should appear an rhe manufacturer's certifica- 
tion report together with the serial number of the device or the 
device identifier for which the pins have been calibrated. 


2.4.3 Breaking Pin Devices 


2.4.3.1 A breaking pin device is a non-reclosing pressure 
relief device with a movable disc held in the closed position 
by a pin loaded in tension. When pressure reaches the set 
pressure of the device, the pin breaks and the disc opens. 
Breaking pin devices are generally used in combimativn with 
a pressure relief valve where valve tightness is of concern, for 
example, in corrosive or vibrating environments such as on 
fluid transport vessels. 


2.4.3.2 The ASME Boiler and Pressure Vessel Code, Sec- 
uion VIII, allows breaking pin devices to be used only in com- 
bination with pressure relief valves. Breaking pin devices are 
designed to operate at a specified differential pressure. If 
pressure is allowed to build up on the downstream side of the 
breaking pin device, the opening pressure will be increased. It 
is required, therefore. that the space between a breaking pin 
device and a pressure relief valve be provided with a gauge. 
uycock, free vent or suitable telltale indicator to detect any 
build-up of pressure in that cavity. 


25 OTHERTYPES OF DEVICES 


Other pressure relief devices not described in this section 
are occasionally spccified in refineries and related industries. 
Users should consuit the manufacturer for information about 
designs and special appiications. 


3. Procedures for Sizing 


3.1 DETERMINATION OF RELIEF 
REQUIREMENTS 


3.1.1. To establish the size and design of a pressure relief 
device for any application. the decigner must first determine 
the conditions for which overpressure protection may be 
required. Reasonable care should be exercised in establishing 
the various contingencies that could result in overpressure. 


3.1.2 The contingencies that may cause overpressure Musi 
be evaluated in terms of the pressures generated and the rates 
‘at which fluids mast be relieved. The process flow diagram, 
material balance, piping and instrument diagrams. equipment 
specification sheets, and design basis for the facility are 


SIZING, SELECTION, AND INSTALLATION OF PRESSURE-REUIEVING DEVICES IN REFINERIES, PART +—SIZIVG AND SELECTION 31 


Pressure Vessel Requirements 
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accumulated pressure 
{fire exposure only) 
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accumuiated pressure for 116 
installation of a muttple 

rupture disk device poe ats: 
{other than fire exposure) ie 


Vessel 
Pressure 


Typical Characteristics ofa 
Rupture Disk Device 


Maximum reteving pressure 
tor fire sizing 


Maximum relieving pressure 
for process sizing 


Muttiple rupture disk devices 


r T— Single rupture disk device 
Max Hh a) 
aeonedaieg presi for & Maximum allowable marked burst 
inetallation of a single g 10 pressure for suppiemental (fire 
rupture disk device r 3 4 exposure) tupture disk device 
(other than fire exposure} Ls J (see Note 6} 
Ls Overressure (maximum) 
§ 
: 105 Maximum allowable marked 
LC 7 burst pressure for additional 
g rupture disk device 
rs (see Note 6} 
—e 4 
E 
eel 
~ 5% 
wea ps ssure oF E 190 Maximum allowable marked 
design pressure 3 burst pressure far single rupture 
(see Note 3) E disk device 
ts (see Note 6) 
5 
fF 2 Lt 
- #84 
Maximum expected 
Mii pected a EY ag | 
(see Notes § and 6) - 4 
5— 
Notes: 
1. This figure conforms with the requirements of Section VT of the ASME Boiler and Pressure Vessel Code for MAWPS greater 
than 30 psi 
2. The pressure conditions shown ane for rupture disk devices installed on a pressure vessel. 
3. The margin between the maximum allowable working pressure and the operating pressure must be considered in the selection of 
arupture disk. 


aur 


The allowable burst-pressure tolerance will be in accordance with the applicable code. 
‘The operating pressure may be higher or lower than 90 depending on the rupture disk design. 


‘The marked burst pressure of the rupture disk may be any pressure al or delow the maximum allowable marked burst pressure. 
Figure 26--Pressure-Levet Relationships for Rupture Disk Devices 
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manufacturing 


Marked burst 
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equal to 
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Notes: 


Negative 
manufacturing 
range (see Note 1) 


Postive and negative 
manufacturing range 
(see Note 2) 


+16% 
412% 


10% 


Marked buret procoure ie 
within manufacturing range 


L. The marked burst pressure will not exceed the specified burst pressure. 
2. Positive manufacturing range may result in a marked burst pressure exceeding 


the specified burst pressure. 


Figure 27—-Common Types of Manufacturing Ranges and Corresponding Burst Pressure Marking 


needed to calculate the individual relieving rates for each 
pressure relief device. Process equipment vendor data is also 
helpful if available. 


3.1.3 Table 2 of API RP 521 lists a number of common 
operational conditions for which overpressure protecuion may 
be required. This list is by no means complete: each plant 
may have unique features that must be considered in addition 
to those listed. API RP 521 provides a detailed discussion of 
relief requirements for these emergency operating conditions. 
APE RP 52] also provides a detailed discussion of the relief 
requirements for the special case of fire. 


3.2 APIEFFECTIVE AREA AND EFFECTIVE 
COEFFICIENT OF DISCHARGE 


3.2.1 Pressure relief valves may be initially sized using the 
equations presented in 3.6 through 3.10 as appropriate for 
vapors, zases, liquids, or two phase fluids. These equations 
utilize effective coefficients of discharge and effective areas 
which are independent of any specific valve design. In this 
way, the designer can determine a preliminary pressure relief 
valve size, 


3.2.2. The designer can then use API Std 526, Flanged Stee! 
Pressure Relief Valves, to select a pressure relief valve. API 
Std 526 is a purchase specification for steel flanged valves. 
This standard lisis specific valve configurations specified by 


inleVoutlet size and flange configuration, materials of con- 
suuction, pressure/temperature limits, inlet and outlet center 
to face dimensions, and effective orifice designation. When a 
valve is specified per this standard, the orifice size is 
expressed in terms of a letter designation ranging from the 
smallest, “D,” to the largest, “T.” An effective area is specified 
for each letter orifice. 


2.2.3. Sections 3.6 through 3.10 provide sizing information 
which may be used for the inidal selection of a pressure ictief 
valve from the incremental D through T orifice sizes specified 
in API Std 526. The effective orifice areas listed in APY Std 
526 and the effective coefficient of discharge used for the ini- 
tial selection, are nominal values not directly relared to a spe- 
cific valve design. 


3.2.4 The rated coefficient of discharge for a pressure 
relief valve determined per the applicable certification stan 
dards is generally less than the effective coefficient of dis- 
charge used in AP! RP 520 (particularly for vapor service 
valves where the effective coefficient of discharge is 
0.975). This is irue of valves certified per the rules of the 
ASME Boiler and Pressure Vessel Code where the average 
coefficient from a series of valve test results is multiplied 
by 0.9 to establish a rated coefficient of discharge. For this 
reason, the actual discharge or orifice area for most valve 
designs is greater than the effective discharge area specified 
for that valve size per API Std 526. This allows the rated 
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Rupture Disk Application Parameters 


Maximum burst pressure 
— 113.4-— (includes 5% burst tolerance}? 


rey Maxim, marked guest pressure’ 
(Vessel MAWP) 
‘Manufacturing range? 


96.0 


Minimum marked burst pressure 
91.2 Minimum burst pressure 

{inciudes 5% burst tolerance)? 
672 Maximum process operating 


pressuret 
(Operating ratio, 70% of minimum 
Marked burst pressure} 


Rupture Disk Appication Parameters 


Maximum ourst pressure 
(inctuges 2 psi burst tolerance)? 


Maximum marked burst pressure! 
{Vessel MAWP) 


— Manufacturing range? 


Minimum marked burst pressure 


Minimum burst pressure 
(includes 2 psi burst tolerancs)> 


Maximum process operating 
pressure’ 

(Operating ratio, 80% of 
Minimum burst pressure) 


A, Example of 2 rupture disk with a spectiied burst 
pressure of 100 psig, manufacturing range of +8'—-4%, 
burct tolerance of 2 6%, and a 70% operating ratio. 


Rupture Disk Application Parameters 


105. Maximum burst pressure 


(includes 5% Dufst tlerancey* 


100 Marked burst pressure? 


(Vessel MAWP) 


95 Minirnum burst pressure 


(includes. 5% ourst tolerance}? 


90: 


Maximum process operating 
pressure! 

(Operating ratio, 90% of marked 
burst pressure) 


8. Example of a rupture disk with a specified burst 
pressure of 100 psig, zero manufacturing range, 
burst tolerance of + 5%, and @ 90% operating ratio. 


C. Example of a rupture disk with a specified burst 
Pressure of 20 psig. manufacturing range of +0-10%, 
burst tolerance of # 2 psig, and an 00% operating 
ratio. 


Notes: 
1. See Figure 26 for himits on marked burst pressure. 


2. Marked burst pressure may be any pressure within 
the manufacturing range, see Figure 27. 


3, For marked burst pressures above 40 psig, the burst 
lolerance is + 5%. For marked burst pressures at 40 psig 
and below, the burst tolerance is + 2 psi. 


4, Por marked burst pressures above 40 psig. the 
maximum process operating pressure is calculated by 
multiplying the minimum marked burst pressure by the 
operating ratio. 


5. For marked burst pressures ai 40 psig and betow. the 
Mmaxiroum process operating pressure is calculated by 
subtracting the burst tolerance from the minimum 
‘marked burst pressure, then multiplying the difference 
by the operating ratio. 


Figure 28—Rupture Disk Application Parameters 
(Each example assumes zero superimposed backpressure) 
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capacity of most valve designs to meet or exceed the esti- 
mated capacity for preliminary sizing determined per the 
API RP 520 calculations. 


3.2.5 When a specific valve design is selected for the appli- 
cation, the rated capacity of that valve can be determined 
using the actual orifice area, the rated coefficient of discharge 
and the equations presented in this document. This rated 
relieving capacity is then used to verify that the selected valve 
has sufficient capacity to satisfy the application. It is impor- 
tant 10 remember that the effective area and the effective coef- 
ficient of discharge are used only for the initial selection. The 
actual orifice area and the rated coefficient of discharge must 
always be used to verify the acmal capacity of the pressure 
relief valve. In no case should an effective area or effective 
coefficient of discharge be used with an actual area or rated 
coefficient of discharge for calculating the capacity of a pres- 
sure relief valve. 


3.2.6 In summary, the effective orifice size and effective 
coefficient of discharge specified in API Standards are 
assumed values used for initial selection of a pressure relief 
valve size from configurations specified in API Std 526, inde- 
pendent of an individual valve manufacturer's design. In most 
cases, the actual area and the rated coefficient of discharge for 
an API lewer orifice valve are designed so that the actual certi- 
fied capacity meets or exceeds the capacity calculated using 
the methods presented in API RP $20. There are, however. 
umber of vaive designs where this is not so. When the pres- 
sure relief valve is selected, therefore. the acwal area and 
rated coefficient of discharge for that vaive must be used 10 
verify the rated capacity of the selected valve and to verify 
that the valve has sufficient capacity to satisfy the application. 


3.3 BACK PRESSURE 
3.3.1 General 


3.3.1.1 Pressure existing at the outlet of a pressure relief 
valve is defined as back pressure. Regardless of whether the 
valve is vented directly to atmosphere or the discharge is 
piped to a collection system, the back pressure may affect whe 
operation of the pressure relief valve. Effects due to back 
pressure may include variations in opening pressure. reduc~ 
tion in flow capacity, instability, or a combination of all three. 


3.3.1.2 Back pressure which is present at the outlet of a 
pressure relief valve when it is required to operate is defined 
as superimposed back pressure. This back pressure can be 
constant if the valve outlet is connected to a process vessel 
‘or system which is held at a constant pressure. In most 
cases, however, the superimposed back pressure will be 
variable as a result of changing conditions existing in the 
discharge system. 


3.3.1.3 Back pressure which develops in the discharge sys- 
tem after the pressure relief valve opens is defined as built-up 


back pressure. Built-up back pressure occurs due to pressure 
drop in the discharge system as a result of flow from the pres- 
sure relief valve. Short tailpipes that vent directly to the atmo- 
sphere typically result in lower built-up back pressures than 
tong discharge systems. However, choked flow can occur at 
the outlet of even short tailpipes vented directiy to atmosphere, 
resulting in a high built-up back pressure. For this reason, the 
magnitude of the built-up back pressure should be evaluated 
for ull systems, regaruless of Ue vutlet piping configuration. 


3.3.1.4 The magnitude of the back pressure which exists at 
the outlet of a pressure relief valve. after it has opened, is the 
total of the superimposed and the built-up back pressure. 


3.32 Effects of Superimposed Back Pressure on 
Pressure Relief Vaive Opening 


3.3.2.1 Superimposed back pressure at the outlet of a con- 
ventional spring loaded pressure relief valve acts to hold the 
valve disc closed with a force additive to the spring force. The 
actual spring setting can be reduced by an amount equal to 
the superimposed back pressure to compensate for this [see 
3.4 for discussion of cold differential test pressure (CDTP)). 


3.3.2.2 Balanced pressure relief valves (see 2.2.1.3) utilize 
a bellows or piston to minimize or eliminate the effect of 
superimposed back pressure on set pressure. Many pilot oper- 
ated pressure relief valves have pilots which are vented to 
aumosphere or ure balanced ww maintain set pressure in the 
presence of variable superimposed back pressure, Balanced 
spring-loaded or pilot-operated pressure relief valves should 
be considered if the superimposed back pressure is variable. 
However, if the amount of variable superimposed back pres- 
sure is small, 2 conventional vaive could be used provided: 


a. The set pressure has been compensated for any superim- 
posed back pressure normally present; and 

b. The maximum pressure during relief does not exceed the 
Code-allowed livuis for accumulation in the equipment being 
protected. 


3.3.2.3 For example, conventional valves are often used 
when the outlet is piped into a relief header without compen- 
sating the set pressures for the superimposed back pressure 
caused by other relieving devices. This approach can be used 
provided the allowable accumulation is not exceeded during 
the release. 


3.3.3 Effects of Back Pressure on Pressure Reilef 
Vaive Operation and Flow Capacity 


3.3.3.1 Conventional Pressure Relief Valves 


3.3.3.1.1 Conventional pressure relief valves show unsatis- 
factory performance when excessive back pressure develops 
during a relief incident, due to the flow through the valve and 
outlet piping. The back pressure tends 10 reduce the lifing 
force which is holding the valve open. 
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Process and Rupture Disk Parameters 


Maximum burst pressure 


(includes 5% burst tolerance) on 


Manufacturing range? ————— 


Minimum burst pressure 
lineiudes 5% burst tolerance) 


er 


Maximum operating differential 
isk pressures 


Maxirrum operating 
process pressure 


Superimposed harknrassiire at 
300 psig in discharge piping 


Notes: 
1. This figure is an cxampls of « mapture disk with a: 

a. Specified burst pressure of 100 psi. 

b. Manufacuring range of +8/—-4%. 

¢. Burst pressure tolerance of + 5%. 

. Operating ratio of 70% (0.7 x 96.0 psi = 67.2 psi). 

¢. Superimposed backpressure of 300 psi. 

f. Vessel MAWP equal to or greater than 408 psi. 
2. The disk used in this figare is intended to be identicat with the disk in Figure 28A. The disks are 
interchangeable. The disk in this figuse (and in Figure 28A) may be marked anywhere in the manufacturing 
range. from 96 psi to 108 psi. 
3. The superimposed backpressure in this example is larger than nurmally cucountcred to amplify the 
difference between vessel pressure and differential pressure across the rupture disk. 
4. The differential disk pressure is equal to the vessel pressure minus the superimposed backpressure. 
5. The user is cautioned not to exceed the maximum operating differential disk pressure throughout the 
process cycle, including start-up and shutdown. 


Figure 29—Rupture Disk Application Parameters 
(With Superimposed Backpressure) 
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3.3.3.1.2 Excessive built-up back pressure can cause the 
valve to operate in an unstable manner. This instability may 
occur as fiumer or chatier, Chaaer refers to the abnormally 
rapid reciprocating motion of the pressure relief valve disc 
where the disc comtacts the pressure relief valve seat during 
cycling. This type of operation may cause damage to the 
valve and interconnecting piping. Fluner is similar to chater 
except that the disc does not come into contact with the seat 
during cycling. 


3.3.3.1.3 In a conventional pressure relief valve apptica- 
tion, built-up back pressure should not exceed 10% of the set 
pressure at [0% allowable overpressure. A higher maximum 
allowable built-up back pressure may be used for allowable 
overpressures greater than 10% provided the built-up back 
pressure does not exceed the allowable overpressure, When 
the superimposed back pressure is constant, the spring load 
may be reduced to compensate for the superimposed back 
pressure. In this case. it is recommended that the built-up 
back pressure should not exceed the allowable overpressure. 
When the downstream piping is designed within the above 
back pressure criteria, no back pressure capacity correction 
(Kp = 1.0) is required in the valve sizing equations, for gases 
at critical flow or for liquids. When the back pressure is 
expected to exceed these specified limits, a balanced or pilot- 
operated pressure teljef valve should be specified. 


3.3.3.2 Balanced Pressure Relief Vaives 


3.3.3.2.1 A balanced pressure relief valve should be used 
where the built-up back pressure is too high for conventional 
pressure relief valves or where che superimposed back pres- 
sure varies widely compared to the set pressure. Balanced 
valves can typically be applied where the total back pressure 
(superimposed plus built-up) does not exceed approximately 
50% of the set pressure. The specific manufacturer should be 
consulted conceming the back pressure limitation of a partic- 
ular valve design. With a balanced valve, high back pressure 
will tend to produce a closing force on the unbalanced portion 
of the disc. This force may result in a reduction in lift and an 
associated reduction in flow capacity. Capacity correction 
factors, called back pressure correction factors, are provided 
by manufacturers 10 account for this reduction in flow. Typi- 
cal back pressure correction factors may be found for com- 
pressible fuid service in Figure 30 and for incompressible 
fluid (liquid) service in Figure 31. For liquid service applica- 
tions, the factor shown in Figure 31 is applicable for all over- 
pressures. For compressible fluid service, however, the factor 
may vary depending on whether the allowable overpressure is 
10%, 16%, or 21% (Note that the back pressure correction 
factors from Figures 30 and 31 are suitable for the prelimi- 
nary sizing procedures found in this document. Final sizing 
calculations should always be completed using the manufac- 
turer's actuai charts). In some applications, set pressure may 
be significantly less than MAWP allowing for overpressures 


in excess of those specified above. In such cases, the manu- 
facturer should be consulted for guidance. 


3.3.3.2.2 In most applications, the allowable overpressure 
is 10% and the back pressure correction factor for 10% over- 
pressure must be used. in the special case of multipie valve 
instailations. the low set valve may operate at overpressures 
up to 16%. A back pressure correction factor for 16% over- 
pressure may be used for that low set valve. The high set 
valve is actually operating at a maximum overpressure of 
10% (assuming the high set valve is set at 105% of the 
MAWP), however, and the back pressure correction factor for 
10% overpressure must be used for that high set valve. A sup- 
plemental valve used for an additional hazard created by 
exposure (o fire (see 3.5.3.4), may be set to open at 10% 
above MAWP. In this case, the back pressure correction fac- 
tor for 10% overpressure must be used because the valve is 
actually operating at 10% overpressure, even though the 
accumulation is at 21%. When calculating the additional 
capacity for the first (nonfire) valve at 21% overpressure (see 
Figure 30, note 3), a back pressure correction factor of 1.0 
may be used. 


3.3.32.3 The back pressure correction factors specified in 
Figures 30 and 31 are applicable to balanced spring-loaded 
pressure relief valves with back pressures up 10 50% of set 
pressure. 


3.3.3.2.4 When back pressures in compressible fluid appli- 
cations (does not include multiphase applications) exceed 
approximately 50% of set pressure, the flow is subcritical. in 
this case, the formulas found in 3.6.2 should be used. The 
pressure relief valve manufacturer should be consulted when 
back pressures exceed approximately 50% of set pressure to 
obtain back pressure correction factors or any special limita 
tions on valve operation. 


3.3.3.3 Pilot-Operated Pressure Relief Valves 


For pilot operated pressure relief valves, the vaive lift is not 
affected by back pressure. For compressible fluids at critical 
flow conditions, a back pressure correction factor of 1.0 
should be used for pilot-operated pressure relief valves. 


3.3.4 Effects of Back Pressure and Header Design 
on Pressure Relief Valve Sizing and 
Selection 


3.3.4.1 For conventional relief valves connected to a flare 
header, there are several considerations that affect retief valve 
sizing and selection. The pressure relief valve discharge line 
and flare header must be designed so that the built-up back 
pressure does not exceed the allowable limits as specified in 
3.3.3. In addition. the flare header system must be designed in 
order (o insure that the superimposed back pressure, caused 
by venting or relief from another source, will not prevent 
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16% Overpressure 
(eee Note 2) 


10% Overpressure 


Backpressure Correction Factor, Ky 
° 
a 


050 
° 5 10 15 20 


25 30 35 40 45 50 


Percent of Gauge Pressure = (Py/P,) x 100 


Pp = back pressure, in psig. 
Ps — sct pressure, in psig. 


Notes: 


L. The curves above represent a compromise of the values recommended by # number of relief valve manufac 
turers and may be used when the make of the valve or the critical flow pressure point for the vapor or gas is 
unknown, When the make of the valve is known, the manufacturer should be consulted for the correction 
factor. These curves are for set pressures of 50 psig and above. They are limited to back pressure below crit- 
ial flow pressure for a given set pressure. For set pressures below 50 psig or for subcritical flow, the manv- 


facturer musi be consulted for values of Ky. 
2. See paragraph 3.33. 


3. For 21% overpressure, Ky equals 1.0 up to Pg/Ps = 50%. 


Figure 30—Back Pressure Correction Factor, K;, for Balanced Bellows 
Pressure Retief Valve (Vapors and Gases) 


relief valves from opening at a pressure adequate to protect 
equipment per the ASME or applicable code. Once the super- 
imposed, built-up, and total back pressures are calculated 
based on a pressure drop analysis of the discharge system. 
they should be specified on the data sheet for the pressure 
relief valve under consideration. 


3.3.4.2 For a balanced pressure relief valve. superimposed 
back pressure will not affect the set pressure of the relief 
valve. However, total back pressure may affect the capacity of 
the relief valve. Sizing a balanced pressure relief valve is a 
two-step process. The relief valve is sized using a preliminary 
back pressure correction factor, Kp. The correction factor 
could either be set initially equal to 1.0 or can be based on an 
assumed total hack pressure. Once a preliminary valve size 


and capacity is determined. the discharge line and header size 
can be determined based on pressure drop calculations. The 
final size, capacity, back pressure, and back pressure correc- 
tion factor, K,, can then be calculated. The back pressure 
should be included on the data sheet for the pressure relief 
valve under consideration. 


3.3.4.3 For a pilot-operated pressure relief valve, neither 
the set pressure nor the capacity is typically affected by back 
pressure, for compressible fiuids at critical flow conditions. 
Tail pipe and flare header sizing are typically based on other 
considerations. 


3.3.4.4 Onilet pipe sizing and flare header sizing are dis- 
cussed in more detail in API RP 520, Part 2, and API RP 521. 
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a 10 20 


30 40 50 


Percent of Gauge Backprassure = (PyP,) « 100 


K.. 
Pa 
Ps 


ww 


correction farter due te hack pressure. 
back pressure. in psig. 
set pressure. in psig. 


Note: The curve above represems values recommended by various manufacturers. This 
curve may be used when the manufacuurer is not Known. Otherwise, the manufacturer 
should be consulted for the applicabie correction factor. 


Figure 31—Capacity Correction Factor, Ky, Due to Back Pressure on Balanced-Bellows: 
Pressure Relief Valves in Liquid Service 


3.4 COLD DIFFERENTIAL TEST PRESSURE 
(CDTP) 


3.4.1 The actual service conditions under which a pressure 
relief valve is required to open, may be different from the 
conditions at which the pressure relief valve is set 10 operate 
on a test stand. To compensate for this effect, a CDTP is spec- 
ified for adjusting the set pressure of the valve on the test 
stand. The CDTP may include a correction for actual service 
conditions of back pressure and/or temperature. 


3.4.2 A temperature correction factor (multiplier) is typi- 
cally required when the relieving temperature exceeds 250°F. 
The factor compensates for variations in spring load due to 
thermal growth in valve components as well as changes in the 
spring material properties. Compensation may also be 
required for low temperature service below -75°F. When 
such temperature compensation is required, the cortection 
factor should be obtained trom the pressure rele! valve 
manufacturer. 


3.4.3 A conventional pressure relief valve. operating with a 
constant superimposed back pressure, normally requires a cor- 
rection factor to compensate for the back pressure, [n this case 
the required set pressure minus the superimposed back pres- 
sure, is equal to the CDTP, This change accounts for the addi 
onal closing force exerted on the valve disk by the back 
pressure. In the case of a balanced spring loaded pressure 
relief valve. the change in closing force due (0 the superim- 
posed back presswie is uegligible and nu cumection is required. 


3.4.4 When the CDTP is to inctude correction for back 
pressure and temperature, the differential pressure is calcu- 
lated and then multiplied by the temperature correction to 
determine the CDTP. 


3.4.5. Pilot-operated pressure relief vaives (see 2.2.2) may 
require a CDTP when used in high temperature or back pres- 
sure service. The valve manufacturer should be consulted 
regarding back pressure and temperature limuls, and required 
correction factors. 


SIZING, SELECTION, AND INSTALLATION OF PRESSURE-RELIEVING DEVICES IN REFINERIES, PART F—SIZING AND SELECTION 


39 


3.5 RELIEVING PRESSURE 
3.5.1 General 


3.5.1.1 Relieving pressure, shown as P; in the various siz- 
ing equations, is the inlet pressure of the pressure relief 
device at relieving conditions. The relieving pressure is the 
total of set pressure plus overpressure. The examples cited in 
this section for the determination of relieving pressure refer to 
pressure relief valves, however, they are aiso applicable to 
Non-reclosing pressure relief devices. (See Figures 1 and 26 
for pressure level relationships for these types of devices.) 


3.5.1.2 The allowable overpressure is established from the 
accumulation permitted by the applicable code. The allow- 
able overpressure may vary for different applications depend- 
ing on the relationship of the set pressure to the maximum 
allowable working pressure of the vessel or system that is 
protected. Allowable overpressure is the same as allowable 
accumulation only when the set pressure is equal to the maxi- 
mum allowable working pressure. 


Note: The discussion in this section generally cites the ASME Cods 
as the applicable code. Unless slated otherwise, citations refer only 
to Section VI of the ASME Code. The designer should be aware of 
revisions to the ASME Code. If pertinent revisions occur, the discus- 
sion in this section should be adjusted accordingly by the designer. 
‘Adjustments may also be required by the designer if other (non- 
ASME) codes apply. 


3.5.1.3 Sections 3.5.2 through 3.5.3 discuss methods of 
determining the relieving pressure for pressure relief valves in 
gas and vapor service. Standard atmospheric pressure (14.7 
psia [101.4 kPaa]) is used for gauge/absolute pressure conver- 
sion in these sections. For design. barometric pressure corre- 
sponding to site elevation should be used. 


3.5.1.4 Relieving pressure for pressure relief valves in 
liquid service is determined in a manner similar to that used 
for vapor service. In the case of liquid service valves used in 


ASME applications, the relieving pressure and maximum 
allowable accumulation is determined as described in para- 
graphs 3.5.2 through 3.5.3. In applications where these 
paragraphs do not apply. alternate accumulations are some- 
times specified, as required by other Codes or the equipment 
manufacturer. 


3.5.1.5 Table | summarizes the maximum accumulation 
and set pressure tor pressure reliel valves specified in accor- 
dance with the ASME Code. 


3.5.2 Operating Contingencies 
35.2.1  Single-Device installation 


3.5.2.1.1 In accordance with the requirements of the 
ASME Code, Section VIN. Division 1, accumulated pressure 
shal! be limited to 110% of the maximum allowable working 
pressure. MAWP, 1n vessels that are protected by a single 
pressure relief device sized for operating (nonfire) contingen- 
cies. The set pressure of the device shall not exceed the 
MAWP. 


3.5.2.1.2 Nove that in accordance with the ASME Code, 
the allowable accumulation is 3 psi (21 kPa) when the 
MAWP is between 15 and 30 psig (103 and 207 kPag). 


3.5.2.1.3 Table 2 shows an example determination of 
Telieving pressure for a single device whose sct pressme is 
Jess than or equal to the vessel's MAWP. 


3.5.22 Muttiple-Device installation 


3.5.2.2.1 A multipie-device installation requires the com- 
bined capacity of two or more pressure relief devices to alle- 
viate a given overpressure contingency. 


35.2.2.2 In accordance with the requirements of the 
ASME Code. Section VII, Division 1, accumulatcd pressure 


‘Table 1—Set Pressure and Accumulation Limits for Pressure Relief Valves 


Single- Valve Installations Muttipie-Vaive Installations 
Maximum Maximum Maximum Maximum 
Set Pressure Accumulated Pressure Set Pressure Accumulated Pressure 
Contingency (percent) (percent) (percent) (percent) 
Noafire Cases 
First vaive 100 110 100 116 
Additional valve(s) - - 105 16 
Fire Case 
First valve 100 WI 100 121 
Additional valve(s) - - 105 121 
Supplemental valve _~ - hie 121 


Note: All values are percentages of the maximum allowable working pressure. 
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Table 2—Example Determination of Reliaving Pressure 
for a Single-Vaive Installation (Operating Contingencies) 


Characteristic Value 


Valve Set Pressure Less than MAWP 


Prowced vessel MAWP psig SSSOS*~S~S~«SOD 
Maximum accumulated pressure, psig 110.0 
‘Valve set pressure. psig 90.0 
Allowable overpressure, psi 20.0 
Relieving pressure, P}, psia 124.7 
‘Valve Set Pressure Equal to MAWP 
Protected vessel MAWP. psig 100.0 
Maximum accumulated pressure, psig 10.0 
Valve set pressure. psig 100.0 
Allowable overpressure, psi 10.0 
Relieving pressure, P), psia 147 


shall be limited to 116% of the maximum allowable working 
pressure, MAWP in vessels that are protected by multiple 
pressure relief devices sized for operating (nonfire) contin- 
gencies. The set pressure of the first device shal] not exceed 
the MAWP. The set pressure of the additional device or 
devices shall not exceed 105% of the MAWP. 


3.5.2.2.3 Note that the allowabie accumulation is 4 psi (28 
kPa) when the MAWP is between 15 and 30 psig (103 and 
207 kPag). 


3.5.22.4 Table 3 shows an example determination of the 
relieving pressure for a multiple-device installation in which 
the set pressure of the first device is equai to the MAWP of 
the vessel, and the set presere of the additional device is 
105% of the vessel's MAWP. 


3.5.3 Fire Contingencies 
3.5.2.1 General 


3.5.3.1.1 In accordance with the requirements of the 
ASME Code, Section VIII, Division 1, accumulated pres- 
sure shall be limited to 121% of the maximum allowable 
working pressure. MAWP, in vessels that are protected by 
pressure relief devices sized for fire contingencies. This 
applies to single-, multiple-, and suppiemental-device 
installations. 


3.5.3.1.2 Single or multiple devices sized for fire may also 
be utilized for relieving requirements attributed to operating 
(nonfire) contingencies, provided that the constraint of 110% 
and 116% (of the MAWP) accumulated pressure for the non- 
fire contingencies is observed. 


Table 3—Example Determination of Relieving Pressure 
for a Multiple-Vatve Installation 


(Operating Contingencies) 
‘Characteristic Value 
First Valve 

(Sea Pressure Equal to MAWP) 
Protected vessel MAWP, psig 100.0 
Maximum accumulated pressure, psig, 116.0 
Valve set pressure, psig 100.0 
Allowable overpressure, psi 16.0 
Relieving pressure, P), psia 130.7 

Additional Valve 
(Set Pressure Equal 10 105% of MAWP) 

Protected vessel MAWP, psig 100.0 
Maximum accumulated pressure, psig 116.0 
Valve set pressure, psig 105.0 
Allowable overpressure, psi EL 
Relieving pressure, P1, psia 130.7 


3.5.3.2 Single-Device Installation 


3.5.3.2.1 Where a vesset is prosecied by a single Uevice 
sized for fire, the set pressure shall not exceed the maximum 
allowable working pressure, MAWP. 


$.5.3.22 Table 4 shows an example determination of 
relieving pressure for a single device whose set pressure is 
less than or equal to the vessel's MAWP. 


3.5.3.3 Multiple-Device Installation 


3.5.3.3.1 A multipie-device installation requires the com- 
bined capacity of two or more devices to alleviate overpres- 
sure. The set pressure of the first device to open shall not 
exceed the maximum allowable working pressure, MAWP. 
‘The set pressure of the last device to open shall not exceed 
105% of the MAWP, 


3.5.3.3.2 ‘Table 5 shows an example determination of 
relieving pressure for a multiple-device installation in which 
the set pressure of the first device is equal co the vessel's 
MAWP. and the se: pressure of the additional device is 105% 
of the vessel's MAWP. 


35.3.4 Supplemental-Device Installation 


35.3.4.1 A supplementai-device installation provides 
relieving capacity for an additionel hazard created by expo- 
sure 10 fire or other unexpected sources of external heat. The 
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Table 4—Example Determination of Relieving Pressure 
for a Single-Valve installation (Fire Contingencies) 


Characteristic Value 


Valve Set Pressure Less than MAWP 


Protected vessel MAWP, psig 100.0 
Maximum accumulated pressure, psig 121.0 
Valve set pressure, psig 90.0 
Allowable overpressure. psi 31.0 
Relieving pressure, P;, psia 135.2 
‘Valve Set Pressure Equal to MAWP 
Provecied vessel MAWP, psig 100.0 
Maximum accumulated pressure. psig 121.0 
Valve set pressure, psig 100.0 
Allowable overpressure, psi 210 
Relieving pressure. P, psia 135.7 


Table 5—Example Determination of Relieving Pressure 
for a Multiple-Valve Installation (Fire Contingencies) 


Characteristic Value 
First Valve 

{Sct Pressure Exyual ip MAWP) 
Protected vesset MAWP, psig 100.0 
Maximum accumulated pressure, psig 121.0 
Valve set pressure, psig 100.0 
Allowable overpressure, psi 21.0 
Relieving pressure. P. psia 135.7 

Additional Valve 
{Set Pressure Equal 10 105% MAWP} 

Protected vessel MAWP. psig sd 
Maximum accumulated pressure, psig 121.0 
Valve set pressure, psig 105.0 
Allowable overpressure, psi 16.0 
Relieving pressure, P,, psia 135.7 


set pressure of a supplemental device for fire shall not exceed 
110% of the maximum allowable working pressure. MAWP. 


3.5.3.4.2 Supplemental devices are used only in addition 
to devices sized for operating (nonfire} contingencies, 


3.5.3.4.3 Table 6 shows an example determination of 
relieving pressure for a supplemental device installation in 
which the set pressure of the firs: (nonfire) device does not 
exceed the vessel's MAWP (see 3.5.1 for determination of 
relieving pressure). and the set pressure of the supplemental 
device is 110% of the vessel's MAWP. 


Table 6—Example Determination of Relieving Pressure 
for a Supplementai-Valve Instatiation 
(Fire Contingencies) 


Characteristic Value 
First Vaive 

(Set Pressure Equal to MAWP) 
Prowcies vessel MAWF, PSE =SOSCS*~*~S~S~sO 
Maximum accumulated pressure, psig 121.0 
Valve set pressure, psig 100.0 
Allowable overpressure, psi 21.0 
Relieving pressure, P), psia 135.7 

Supplemental Valve 
(Set Pressure Equal to 110% MAWP) 

Protected vessel MAWP, psig 100.0 
‘Maximum accumulated pressure, psig 121.0 
‘Valve set pressure, psig 110.0 
Allowable overpressure, psi no 
Relieving pressure, P), psia 135.7 


3.6 SIZING FOR GAS OR VAPOR RELIEF 
3.6.1 Critical Flow Behavior 


3.6.1.1 Ifa compressible gas is expanded across a nozzle, 
an ofifice. or the end of a pipe, its velocity and specific vol- 
ume increase with decreasing downsueam pressure. For a 
given set of upstream conditions (using the example of a noz- 
Zie), the mass rate of flow through the nozzle will increase 
until a limiting velocity is reached in the nozzle. h can be 
shown that the limiting velocity is the velocity of sound in the 
flowing fluid at that location. The flow rate that corresponds 
to the limiting velocity is known as the critica! flow rate. 


3.6.1.2 The absolute pressure ratio of the pressure at the 
nozzle exit at sonic velocity (Py) to the inlet pressure (P)} is 
called the critical pressure ratio. P,y is known as the critical 
flow pressure. 


3.6.1.3 Under critical flow conditions, the actual pressure 
at the nozzle exit of the pressure relief device cannot fall 
‘below the critical flow pressure even if a much lower pressure 
exists downstream. At critical fiow, the expansion from nozzle 
pressure to downstream pressure takes place irreversibly with 
the energy dissipated in turbulence into the surrounding fluid. 


3.6.1.4 The critical flow pressure ratio in absolute units 
may be estimated using the ideal gas relationship in Equation 
Silt 


| 61) 
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critical flow nozzle pressure, in psia, 


upstream relieving pressure, in psia, 


rauo of specific heats for any ideal gas. 


3.6.1.5 The sizing equations for preseure relief devices in 
vapor or gas service fall into two general categories depend- 
ing on whether the flow is critical or subcritical. If the pres- 
sure downstream of the nozzie is less than, or equal 10. the 
<iical flow pressure, Px then critical flow will occur. and 
the procedures in 3.6.2 should be applied. [f the downstream 
Pressure exceeds the critical flow pressure, P.¢ then subcriti- 
cal flow will occur, and the procedures in 3.6.3 or 3.6.4 
should be applied. (See Table 7 for typical critical flow pres- 


sure ratio values.) 


3.6.2 Sizing for Critical Ftow 
3.6.2.1 General 


3.6.2.1.1 Pressure relief devices in gas of vapor service 
that operate at critical fiow conditions (see 3.6.1) may be 
sized using Equations 3.2 - 3,4, Each of the equations may be 
used tn caleulate the effertive discharge area, 4. required to 
achieve a required flow rate through a pressure relief device. 
‘A pressure relief valve that has an effective discharge area 
equa} to or greaier than the calculated value of A is then cho- 
sen for the application from API Std 526, 


US Customary Units: 


sow TZ 
aS ater le 


Aa {TEM 
320K, Pi 


VATZG 
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food 


3.3) 
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= 2 
CKP.K KN M G2) 


_ 38,250 x VATEM 
CRPKK. 
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_ 189,750 x VITZG 


A= 3A 
CKAPAK OK, Sa 


where 


Ky 


" 


w 


" 


Tequired effective discharge area of the device, in.? 
(mm?] (see 1.2.2.3). 


Tequired flow through the device, Ibvhr (kg/]. 


coefficient determined from an expression of the 
radu uf Whe specific heats (k= CpfCy) of thre gas or 
vapor at iniet relieving conditions. This can be 
obtained from Figure 32 or Table 8. Where & cannot 
be determined. it is suggested that a value of C 
equal to 315 be used. The units for C are 


ofl5, X (yg, R 


ib, x hr 


effective coefficient of discharge. For preliminary 
sizing, use the following values: 


0.975 when a pressure relief valve is installed with. 
or without a rupture disk in combination, 


0,62 when a pressure relief vaive is not installed 
and sizing is for 4 rupture disk in accordance with 
BLL. 


upstream relieving pressure, psia [kPaa]. This is the 
set pressure plus the allowable overpressure (see 
3.5) plus atmospheric pressure. 


capacity correction factor due to back pressure, 
This can be obtained from the manufacturer's litera- 
ture or estimated for preliminary sizing from Figure 
30. The back pressure correction factor applies to 
balanced bellows valves only. For conventional and 
pilot operated valves, use a value fos K;, equal to 1.0 
{see 3.3). See 3.6.3 for conventional valve applica- 
tions with back pressure of a magnitude that will 
cause subcritical How. 


combination correction factor for installations with 
a mupturé disk upstream of the pressure relief valve 
(see 3.11.2). 


1.0 when a ruprure disk is not installed, 


0.9 when a rupture disk is installed in combination 
with a pressure relief vaive and the combination 
does not have a published value. 


relieving temperature of the inlet gas or vapor, R (°F 
+460) [K (PC + 273)). 


compressibility factor for the deviation of the acmal 
gas from a perfect gas, a ratio evaluated at inlet 
relieving conditions, 


molecular weight of the gas or vapor at inlet reliev- 
ing conditions. Various handbooks carry tables of 
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Table 7—Properties of Gases 


Specific Heat 
Ratio Critical Flow Condensation Flammability 
(k=C/C) Pressure Ratio Specific Critical Constants. Temperature —_Limnits 
21.60% and at60°F and Gravity at 60°F ——_—————_ One {volume 
Molecular One One and One Pressure Temperature Atmosphere percent in air 
Gas Weight Atmosphere Atmosphere Atmosphere (psia) (°F) CF) mixture) References 
Metane 10,04 131 0.54 0.554 673 ile ~259 $.0-15.0 t 
Ethane 30.07 Lo 057 1.058 118 90 “1B 29-138 1 
Enhytene 28.03 124 os 0.969 742 50 -155 27-348 1 
Propane 44.09 2 i 058 1.522 617 206. ad 2.10.5 1 
Propylene 47.08 1S ose 1.453 667 197 ~s4 28108 23 
Isobutane $8.12 118 05% 2.007 529 2B nH 18-84 1 
n-Butane $8.12 119 059 2.007 551 304 31 19-84 1 
1-Butene 56.10 Ll 0.59 1.937 543 26 a 1493 23 
Isopentane T215 1.08 05% 2.491 483 369 82 1483 l 
n-Pentane 72.15 1.08 0.59 2491 490 386 7 1478 l 
1-Pemenc 70.13 1.08 OSS 2.42) 586 8 86 1.48.7 t 
n-Hexane 26.18 1.06 05% 2973 437 454 156 1277 1 
Benzene 781 112 058 2.697 na $52 1%6 1379 23 
n-Heptane 100.20 1.05 0.60" 3.459 397 313 209 1.0-7.0 1 
Toluene 92.13 1.09 059 3.181 590 oa 231 127.1 23 
n-Octane 1422 1.05 0.60" 3.944 362 564 258 0.96- 1 
n-Nonane 12823 104 0.60 4.428 552 610 303 087-29 1 
n-Decane 142.28 1.03 0.60 4912 304 632 MS 0.78-2.6 1 
Air 2996 140 0.53 1.000 547 221 313 - 23 
Ammonia 17.03 130 0.33 0.588 1636 270 28 15.5-27.0 23 
Catbon Dioxide 4agi 129 0.55 1519 1071 88 109 _ 23 
Hydrogen 202 141 0.82 0.0696 188-400 423 40-742 23 
Hydrogen sulfide 3408 132 0.53 1.176 1306 213 1 43455 23 
Sulfur dioxide 6404 127 055 2.212 1143 316 14 a 23 
Steam 18.01 133 054 0.622 3206 206 212 = 2 8 
Sesumated.— 
References: 


L. Physical Constants of Hvdrocarbans C; to C)g, ASTM Special Technical Publication No. 109A, Philadephia. Pennsylvania. 1963. 
2. International-Critical Tables, McGraw-Hill Book Co., Inc., New York, New York. 
3, Engineering Data Book, Gas Processors Suppliers Association, Tulsa, Oktahoma,1977. 
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molecular weights of materials. bu: the composition 
of the Rowing gas or vapor is seldom the same as 
that listed in tables. This value should be obtained 
from the process data. Table 7 lists values for some 
common fluids, Ib/bmote [kB/Kmole)- 


¥ = required flow chrough the device, scfm at 14.7 psia 
and 60°F [Nm/min at 0°C and 101.325 kPaal. 


G = specific gravity of gas at standard conditions 
referred to air at standard conditions [normal condi- 
tions]. In other words, G = 1.00 for air at 14.7 psia 
and 60°F (101.325 kPaa and 0°C]. 


3.6.2,1.2 While ideal gas law behavior (with compressibil- 
iry factor. Z, included) is generally acceptabie for the majority 
of refinery applications, Appendix B should be referred to for 
unusual situations in which deviation from ideal behavior is 


significant. 


3.6.2.2 Example 


3.6.2.2.1 In this example, the foliowing relief requiremenis 
are giv 


a. Required hydrocarbon vapor flow, W, caused by an opera- 
tional upset, of 53.500 Ib/ar [24,260 kg/hr). 

b. The hydrocarbon vapor is a mixture of bulane (C4) and 
pentane. (C5). The molecular weight of vapor. M. is 65. 

¢, Relieving temperature, 7, of 627 R (167°F) [348 K]. 

4. Relief valve set at 75 psig [517 kPal, which is the design 
pressure of the equipment. 

e. Back pressure of 14.7 psia (O psig} [101.3 kPaa (0 KPag)). 


3.6.222 In this example. the following data are derived: 


a. Permitted accumulation of 10%, 


b. Relieving pressure, P;, of 75 x 1.) + 14.7 = 97.2 psia [670 
kya], 


Coefficient C 


19 12 14 


18 18 2.0 


Specific Haat Ratio. k= CJC, 


Notes: 


1. The equation for this curve is C = sof 


a TAD 


2, The units for the coefficient C are fb, mate ROH?» 


Figure 32—Curve for Evaluating Coefficiant Cin the Flow Equation from the Specific Heat Ratio, 
Assuming ideal Gas Behavior 
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¢. Calculated compressibility, Z, of 0.84. Qf a calculated 
compressibility 3s not available, a Z value of 1.0 should be 
used.) 

d. Critical flow pressure (from Table 7) of 97.2 x 0,59 = 57,3 
psia (42.6 psig) [395 kPaa]. 

Note: Since the back pressure (0 psig [0 kPag}) is less than the criti- 
cal flow pressure (42.6 psig [294 kPag]). the relief valve sizing is 
based on the critica! flow cquation (sco Equation 3.2 and paragraphs 
3.6.1 and 3.6.2). 

©. CofC, = k (from Table 7) of 1.09. From Table 8. C = 326. 
f. Capacity correction due to back pressure. Ky, of 1.0. 

g. Capacity Correction for mpture disk, K, = 1.0 


3.6.2.2.3 The size of a single pressure relief valve is 
derived from Equation 3.2 as follows: 


53,500 


A= 396K 097Sx 972 x1.0% 1.00 65 


= 4.93 in. [3179 mm?] 


3.6.2.2.4 For selection of the proper orifice size, see API 
Std $26. API Std 526 provides standard effective orifice areas 
in terms of leuer designations. For this example, a “P” size 
orifice should be selected since it has an effective orifice area 
of 6.38 in. (4116 mm). 


3.6.2.5 A completed pressure relief valve specification 
sheet for this example is provided in Figure 33. (A blank 
specification sheet is provided in Appendix C.) 


3.6.3 Sizing for Subcritical Fiaw: Gas or Vapor 


3.6.3.1 Conventionat and Pilot-Operated Pressure 
Relief Vaives 


When the ratio of back pressure to inlet pressure exceeds 
the critical pressure ratio P.y/P), the flow through the pres- 
sure relief device is subcritical (see 3.6.1). Equations 3.5 - 3.7 
may be used to calculate the required effective discharge area 
for a conventional pressure relief valve that has its spring set- 
ting adjusted to compensate for superimposed back pressure. 
Equations 3.5 — 3.7 may also be used for sizing a pilot-oper- 
ated relief valve. 


US Customary Units: 
A= SETERRNTE SE OD 
ne SEE ES 6.6) 
A v ZIG a7 


84x PKK NPP, — Po) 


ST Units: 
179xW [27 
4 = EK K, AMPAP, =P) ca 
47.98xV [ZIM 
A= ERK IPA AP) Ce 
ae 28xV [ 27G Br 
© FAK RNP (P\~P2) ; 

where 


A = required effective discharge area of the device, in? 
[mm?] (see 1.2.2), 


W = required flow through the device. ltvhr [kg/hr]. 


F = coefficient of subcritical flow, see Figure 34 for 
values or use the following equation: 


- (ert 


k = ratio of the specific heats. 


1 


i 


1 = ratio Ol back pressure to upstream relieving pres- 
sure. Py/P). 


Ky = effective coefficient of discharge. For preliminary 
sizing, use the following values: 


0.975 when a pressure relief valve is installed with 
ot without a rupture disk in combination, 


0.62 when a pressure relief vaive is not installed 
and sizing is for a rupture disk: in accordance with 


32112. 


8 


XK, = combination-correction factor for installations with 
arupture disk upstream of the pressure relief valve 


(see 3.11.2). 
= 1.0 when arupmure disk is novinstalled, 


= 0.9 when a rupture disk is installed in combination 
with a pressure relief valve and the combination 
does not have a published value. 


Z = compressibility factor for the deviation of the 
actual gas from a perfect gas. evaluated at relieving 
inlet conditions. 


T = relieving temperature of the inlet gas or vapor, 
R (°F + 460) [K (°C + 273.15)}. 


M = molecular weight of the gas or vapor. Various 
handhonks carry tables of moiecular wrights of 
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SPRING-LOADED 


PRESSURE RELIEF VALVE 
SPECIFICATION SHEET 


GENERAL BASIS OF SELECTION 
. [item Number: Example 1 [ 5. |Code: ASME Vi_ OG Stamp Required: Yes (x1 No (J 
~[ragNumber Site 1 Spec. 
3. [Service tina or Equipment Number __] &, [Comply win aPl aa “Ves BI No 11 
[SfRamberRequied «dT Other BT SOC. Control Valve Failure 


[tere Die Yes TT No 1 


VALVE DESIGN 


[= oanton tyes" Salem Rein’ Valve 


| __|Conventional [x] Bellows [| Salanced Piston [ | 48. Bonnet: 
22. Adjusting Ring(s): 
ae ee 


16. |Other |] Specify: 


34. [Required Capacity per Valve and Units: 53500 ib/ar 29. [Lifting Lever: Plam [ } Packed [ ] None XX] 
aa 
[ 96, [Viscoaity at Powmg Temperature and Unite; — Yo3 [Buy Soren) veo 1] NOP 
37. [Operating Pressure and Units: JOpstg [32 ower I) Specity: 
(36. |Set Pressure and Unie: Spsig_ SST | OC 
39. a ae 
oS ae 
[41.[Qverating Tamperature and Unite: 70°F "| SIZING AND SELECTION. 
[42.[Reteving Temperature and Unee: 167°F ___[48- [oaeulated Ontice Area (in square mcheay, 493 | 
[ 43. |Suik-up Back Pressure and Units: 
Superimposed Back Pressure and Unes: 0 
45. [s2.| Manufacturer: 
[Allowable Overpressure in Percent or Units: 10 [53.[Mode! Number #0 


| 47. |Compresaibility Factor, 2: 0.84 64. | Vendor Cakulations Required: Yes Ox No {| 
[48_ [Ratio of Specific Heats: 7.09 en ee 


Figure 33—Sample of Completed Pressure Relief Valve Specification Sheet 
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materials, but the composition of the flowing gas or 
vapor is seldom the same as that listed in the tables. 
‘This value should be obtained from the process 
data. Table 7 lists values for some common fiuids. 
IDp/lOmnoie [Ke/Kmote]- 

upstream relieving pressure. psia [kPaa]. This is the 


set pressure plus the allowable overpressure (see 
3.4.5) plus atmospheric pressure. 


Py 


P. = back pressure, psia [kPaa]. 


V = required flow through the device. scfm at 14.7 psia 
and 60°F [Nm3/min at 101.325 kPaa and 0°C}. 

G = specific gravity of gas at standard conditions 
referred to air at standard conditions (normal con- 


ditions). In other words, G = 1.00 for air at 14.7 
psia and 60°F (101.325 kPaa and 0°C). 


3.6.3.2 Example 


3.6.3.21 
are given: 


In this example. the following relief requirements 


a. Required hydrocarbon vapor flow, W, caused by an opera- 
tional upset. of 53.500 Ib/hr (24260 kg/hr). 

b. The hydrocarbon vapor is 2 mixture of butane (C4) and 
pentane (C5). The molennlar weight of the vapor. M. is 65 

c. Relieving temperature, T, of 627 R (167°F) [348 K]. 

d. Relief valve set at 75 psig [517 kPag], which is the design 
Pressure of the equipment. 

e. Constant back pressure of 55 psig [379 kPa]. For a con- 
ventional valve, the spring setting of the valve should be 
adjusted according to the amount of constant back pressure 
obtained. In this example, the Cold Differential Test Pressure, 
CDTP, would be 20 psig {138 kPa]. 


3.6.3.2.2 In this example, the foltowing data are derived: 


a. Permitted accumulation of 10%. 

b. Relieving pressure, P), of 75 x 1.1 + 14.7 = 97.2 psia [670 
kPaa}. 

¢. Calculated compressibility, Z. of 0.84 (If acaleulated com- 
pressibility is nou available, a value for Z of 1.0 should be 
used). 

d. Critical back pressure (from Table 7} of 97.2 x 0.59 = 57.3 
psia [42.6 psig] (395 kPag [294 kPag]). 

Note: Since the back pressure ($5 psig [379 kPag)) is greater than 
the critical back pressure (42.6 psig [395 kPag]). the relief vaive siz- 
ing is based on the subcritical flow equation (see Equation 3.5 and 
paragraphs 3.5.1 and 3,5.3). 

¢. Permitted built-up back pressure of 0.10 x 75 = 7.5 psi 
[51.7 kPa]. Note that the actual built-up back pressure should 
be used if known. 

f. Total back pressure of 55 + 7.5 = 625 psig 1431 kPag). 

2. CofC, = k (from Table 7) of 1.09. 


h. PoP; = (62.5 + 14.797.2 = 0.794. 
i. Coefficient of subcritical flow, F2, of 0.86 (from Figure 34). 
j. Capaciry Correction for mupture disk, K.= 1,0 


3.6.3.2.3 The size of a single pressure relief valve is 
derived from Equation 3.5 as follows: 


53.500 


A= x6: 
735 x 0.86 x 0.975 x 1.04 65 x 97.2(97. 7.2) 


= 5.6 in. (3610 mm?) 


3.6.3.2.4 For selection of the proper orifice size, see APT 
Std 526. For this example, a “P” size orifice should be 
selected since it has an effective orifice area of 6.38 in? (4116 
mo’). 


3.6.3.3 Balanced Pressure Relief Valves 


Balanced pressure relief valves should be sized using 
Equations 3.2 through 3.4 in paragraph 3.6.2.1. The back 
pressure correction factor in this application accounts for flow 
velocities that are subcritical as well as the tendency for the 
disc to drop below full lifi (the use of subcritical flow equa- 
tions are appropriate only where full lift is maintained). The 
back pressure correction factor, K,, for this application 
should be obtained from the manufacturer. 


3.6.4 Alternate Sizing Procedure for Conventional 
and Pilot-Operated Valves in Subcritical Flow 


3.6.4.1 General 


As an altemative to using the subcritical flow equations 
given in 3.6.3, the familiar critical flow Equations 3.2-3.4 
presented in section 3.6.2 may be used to calculate the 
required effective discharge area of a conventional or piloi- 
operated pressure relief valve used in subcritical service. The 
area obtained using this alternate sizing procedure is identical 
to the area obtained using the subcritical flow equations. In 
this alternate method, the capacity correction factor due to 
back pressure, K,, is derived by setting the subcritical flow 
equation (see 3.6.3) equal to the critical ow equation (see 
3.6.2) and algebraically solving for K. A graphical presenta- 
tion of the capacity correction factor, KX), is given in Figare 
35, This ahernaie sizing procedure allows the designer to use 
the familiar critical flow equation to calculate the same area 
obtained with the subcritical flow equation provided Xi, is 
obtained from Figure 35 (instead of a K, value of 1.0 when 
the critical flow equations of 3.6.2 are used). it should be 
noted that this method is used only for the sizing of pilot- 
operated pressure relief valves and conventional (nonbal- 
anced) pressure relief valves that have their spring settings 
adjusted to compensate for the superimposed back pressure. 
‘This method should not be used to size balanced-type valves. 
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Fy 


04 0s 0.6 


07 0.8 Eo) 1.0 
12 PgR, 


Figure 34—Values of F2 for Subcritical Flow 


3.6.4.2 Example 


3.6.4.2.1 In this example, the following relief requirements 
are given: 


a. Required hydrocarbon vapor flow, W, caused by an opera- 
tional upset, of 53,500 th/hr (24.260 kes/hr). 

b. The hydrocarbon vapor is a mixture of butane (C4) and 
pentane (C5). The molecular weight of the mixture, M, is 65. 
¢. Relieving temperature, 7, of 627 R (167°F) [348 K (75°C)}. 
4d. Relief valve set at 75 psig (517 kPag}, which is the design 
pressure of the equipment. 

e. Constant back pressure of 55 psig (379 kPa]. The spring 
setting of the valve should be adjusted according to the 
amount of constant back pressure obtained. In this case, the 
valve spring should be adjusted to open in the shop at a 
CDTP of 20 psig {138 kPag]. 


3.6.4.2.2 _In this example, the following data are derived: 


a. Permitted accumulation of 10%. 

b. Relieving pressure, Pj, of 75 x 1.1 + 14.7 = 97.2 psia {670 
kPa]. 

c. Calculated compressibility, Z, of 0.84 (If a calculated com- 
pressibility is not available, a value for Z of 1.0 shouid be 
used), 

d, Critical back pressure (from Table 7} of 97.2 x 0.59 = 57.3 
psia (42.6 psig) [395 kPaa (294 kPag)}. 


Note: Since the back pressure (55 psig (379 kPag)) is greater than 
the critical back pressure (42.6 psig {294 kPag]), the sizing of the 
refief valve is based on subcritical flow. The back pressure correction 
factor, Xp should be determined using Figure 35 when the critical 
flow fomauias (see Equations 3,2-3.4) are used. 


e. Built-up back pressure of 0,10 x 75 = 7.5 psi (51.7 kPa). 
£, Toul back pressure of 55 + 7.5 + 14.7 = 77.2 psia [532 


7.2 197.2 = 0.794, 

i. Back pressure correction factor, K;, of 0.88 (from Figure 
35). 

j. Coefficient determined from an expression of the ratio of 
the specific heats of the gas or vapor at inlet relieving condi- 
tons, C, of 326 (from Table 8). 

k. Capacity Correction for rupture disk. K, = 1.0. 


3.6.4.2.3 The size of the relief valve is derived from Equa- 
tion 3.2 as follows: 


500 


84 x 627 
26 x 0.975 x 97,2 x 0.88 x 1.0 65 


= 5.6 in? {3614 mm?} 


Note that this area requirement is the same as that obtained 
using the subcritical flow Equation 3.5. See example in 
3.6.3.2. 
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40 60 76 8O 100 
Percent of back pressure = Py'(Ps+ P,) x 100 = rx 100 


Ky = back pressure correction factor, 
Rg = back pressure, in psia, 

Rs 
Po = overpressure, in psi. 


set pressure, in psia, 


Example Problam 
‘Set Pressure (MAWP) = 100 psig 
Overpressure = 10psi 
‘Superimposed Back Pressure (constant) = 70 psig 
Spring Set = 30psi 
Pudt-un Back Pressiine = 10 psi 
, & _, £70410+147) 
eS Freasine: iz Teor ioriay * 10° 
= 76 
Ky (follow dotted line for Gay =k= 1.4) = 0.87 (from the curve) 


Note: This chan is typical and suitable for use only when the make of the valve or the 
actual critical flow pressure poin‘ for the vapor or gas is unknown: otherwise, the valve 
Manvlacturer should be Consulted tor specific data. This correction factor should be 
used only in the sizing of conventional (nonbalanced} pressure relief valves that have 
their spring setting adjusted to compensate for the superimposed back pressure. It 
should not be used to size balanced-type valves. 


Figure 35—Constant Back Pressure Correction Factor, Kp, for Conventional 
Pressure Relief Valves (Vapors and Gases Only) 
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Table 8—Values of Coefficient C 


k c Kk a k c k c 
1.00 35 1.30 347 60 372 190 394 
1.01 317 131 348 Lot 323 19 395 
1.02 318 132 349 1.62 34 192 395 
1.03 319 133 350 1.63 375 193 396 
104 320 134 351 164 376 194 397 
1.05 321 35 352 1.09 318 195 597 
1.06 32 136 353 1.66 a 196 398 
1.07 323 137 353 L67 378 197 398 
1.08 325 1.38 354 1.68 379 1.98 399 
1.09 326 139 355 1.69 379 1.99 400 
1.10 327 1.40 356 1.70 380 2.00 400 
Lil 328 fess 397 wl 381 - = 
Liz 329 is 358 172 382 aS - 
113 330 143 359 LB 382 ~ - 
Lid 33k 144 360 174 383 = - 
Las 332 1.45 360 1.75 384 = - 
116 333 1.46 361 176 384 — - 
LI? 334 147 362 77 385 — = 
118 335 1.48 363 1.78 386 - - 
Lay 336 149 364 1.79 386 ~ - 
1.20 337 1.50 365 1.80 387 - = 
121 338 Ust 365 181 388 = - 
12 339 1.52 366 1.82 389 — - 
1.23 340 153 367 1.83 389 _ - 
124 3al 134 368 1.34 390 = - 
1.25 342 155 369 185 39k - = 
1.26 33 156 369 186 391 = ~ 
127 344 137 370 187 392 - ~ 
1.28 MS 138 371 1.88 393 — - 
129 346 159 7) 1.89 393 = = 
130 347 1.60 373 1.90 304 ~ = 

The limit of C, as & approaches 1.0U, 1s 519. 
3.7 SIZING FOR STEAM RELIEF where 


3.7.1 General 


Pressure relief devices in steam service that operate at crit- 


ical flow conditions may be sized using Equation 3.8. 


US Customary Units 


4@ SSKP.K RK KvKon 


SI Units 


© PKK KKK 


A = required effective discharge area, in.” [mm7](see 
1.2.2). 
W = required flow rate, !b/hr (kg/hr). 
Py, = upstream relieving pressure, psia (kPaa). This is the 
set pressure plus the allowable overpressure (see 
3.4) plus the atmospheric pressure. 
(3.8) Kq = effective coefficient of discharge. For preliminary 
sizing, use the following values: 
= 0.975 when a pressure relief valve is installed with 
‘of without a rupture disk in combination, 
= 0.62 when a pressure relief valve is not installed 
(3.8) and sizing is for a rupture disk in accordance with 
3.11.12 
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Kp = capacity correction factor due to back pressure, = 1 where P; < 1500 psia (10,339 kPa), 
This can be obtained from the manufacturer’s hiter- 
ature or estimated from Figure 30. The back pres- (US Customary Units) 
sure correction factor applies to balanced bellows 
valves only. For conventional valves, use a value 0.02764 x P, — 1000 i 
for Ki equal to 1.0 (see 3.3). See 3.6.3 for conven- = possdxP,cTosi (5! Units) 


tional valve applications that involve superimposed 


back pressure of a magnitude that will cause sub- where P; > 1500 psia (10,339 kPaa) and < 3200 psia (22,057 


critical flow. Mee): 
Kg, = superheat steam correction factor. This can be 
K, = combination correction factor for installations with obtained from Table 9. For saturated steam at any 
a rupture disk upstream of the pressure relief vaive pressure. Koy = 1.0. 
(see 3.11.2), 
= 1.0 when a rupmire disk is not installed, 3.7.2 Example 
a 7 of a 3.7.2.1 In this example, the following relief requirement is 
0.9 when a repwre disk is installed in combination given: 
with a pressure relief valve and the combination 
does not have a published value. 'W = saturated steam at 153.500 Ib/hr (69,615 kes/hr) at 
1600 psig (11.032 kPag) set pressure with 10% accu- 
Ky= correction factor for Napier equation (see Reference mulation. Note that the set pressure is equal to the 
4.1), design pressure in this example. 


Table 9—Superheat Correction Factors, Kgy 


Geaaes ‘Temperature (degrees Fahrenheit) 

(psig) 300 400 500 ‘o0U 7 suv 900 1000 1200 
ty 1.00 098 0.93 0.88 0.84 0.80 O77 074 O70 
20 1.00 098 0.93 0.88 0.86 0.80 O77 0.74 0.70 
40 1.00 099 0.93 0.88 0.84 0.81 0.77 074 0.70 
Lu 1.00 099 0.93 0.88 0.84 0.81 0.77 O75 0.70 
80 1.00 099 0.93 0.88 0.84 0.81 0.77 075 0.70 

100 1,00 099 0.946 0.89 0.84 0.81 0.77 075 0.70 
120 1.00 099 0.94 0.89 0.84 081 078 075 0.70 
140 1.00 099 0.94 0.89 0.85 0.81 0.78 075 0.70 
160 1.00 0.99 09a 029 ORS aa 0.78 0.75 0.70 
180 4.00 099 0.94 0.89 0.85 0.81 O78 O75 0.70 
200 1.00 099 0.95 0.89 0.85 0.81 078 075 0.70 
220 1.00 099 0.95 0,89 0.85 Oal 0.78 0.75 0.70 
240 _ 1.00 0.95 0.90 0.85 O81 0.78 O75 0.70 
260 _ 1.00 0.95 0.90 0.85 081 0.78 7s 0.70 
280 - 1.00 0.96 0.90 0.85 8! 078 0.75 0.70 
300 = 1.00 0.96 0.90 0.85 OBE 078 0.75 0,70 
350 coal 1.00 0.96, 0.90 0.36 0.82 0.78 0.75 0.70 
400 - 1.00 0.96 O91 0.86 0.82 0.78 075 0.70 
200 - 1.00 0.96 0.92 0.86 0.82 078 0.75 0.70 
600 raat 1.00 0,97 0.92 0.87 0.82 079 075 0.70 
800 — - 1.00 0.95 0.88 0.83 0.79 0.76 0,70 

1000 - ~ 1.00 0.96 0.89 0.84 O78 0.76 071 

1250 - i. 1.00 0.97 O9l 0.85 080 O77 O71 

1500 _ = te 1.00 0.93 0.86 O81 O77 O71 

1750 ad = = 1.00 0.94 0.86 081 TF 0.70 

2000 =_ - a 1.00 0.95 0.86 080 07% 0.69 

2500 ~_ = = 1.00 0.95 0.85 O78 73 0.66 

3000 = =, ot ar 1.00 0.82 074 0.69 0.62 
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3.7.2.2 In this example, the following data are derived: 


a. Relieving pressure, P}, of 1600 x 1.1 + 14,7 = 1774.7 psia 
(12,236 kPaa). 

b. Effective coefficient of discharge, Ky, of 0.975. 

¢. Back pressure correction factor, K;, of 1.0 for conven- 
tional valve discharging to atmosphere. 

d. Capacity Correction for rupture disk, K, = 1.0, since there 
is no rupture disk, 

e. Correction factor for the Napier equation, Ky, of 
{0.1906( 1774.7) — 1000]/10.2293(1774.7) - 1061 
£. Superheat steam correction factor, Ksy, of 1.0. 


3.7.2.3 The size of the relief valve is derived from Equa- 
tion 3.8 as follows: 


as 153,500 
54.5(1774.7 (0.975 )(1.0)(1.0)(2.01)(1.9) 


= 1.705 in.? [1100 mm] 


3.7.2.4 For selection of the proper orifice size, see API Std 
526, For this example, a “K" size orifice should be selecied 
since it has an effective orifice area of 1.838 in.? (1186 mm). 


3.8 SIZING FOR LIQUID RELIEF: PRESSURE 
RELIEF VALVES REQUIRING CAPACITY 
CERTIFICATION 


3.8.1 General 


3.8.1.1 Section VOI, Division I, of the ASME Code 
requires that capacity certification be obtained for pressure 
relief valves designed for liquid service. The procedure for 
obtaining capacity certification includes testing to determine 
the rated coefficient of discharge for the liquid relief valves at 
10% overpressure. 


3.8.1.2 Valves in liquid service that are designed in accor- 
dance with the ASME Code which require a capacity certifi- 
cation may be initially sized using Equation 3.9. 


‘US Customary Units 


__o a 
4 = RK AKAD Ps a 


SI Units 


where 
A = required effective discharge area, in.? (mm*). 
Q = flow rate, U.S. gpm (liters/min). 


K,4 = rated coefficient of discharge that should be 
obtained from the valve manufacturer. For a prelimi- 
nary sizing, an effective discharge coefficient can be 
used as follows: 


= 0.65 when a pressure relief valve is installed with or 
without a rupture disk in combination, 


= 0.62 when a pressure relief valve is not installed and 
sizing is for a rupture disk in accordance with 
3.1112, 

K,, = correction factor due to back pressure. If the back 
pressure is atmospheric, use a value for K,, of 1.0. 
Balanced bellows valves in back pressure service 
will require the correction factor determined from. 


Figure 31. Conventional and pilot operated valves 
require no special correction. See 3.3. 


K, = combination correction factor for installations with a 
rupture disk upstream of the pressure relief valve 
(see 3.11.2), 


= 1.0 when a rupture disk is not installed, 


= 0.9 when a rupture disk is installed in combination 
with a pressure relief valve and the combination 
does not have a published value. 


K, = correction factor due to viscosity as determined 
from Figure 36 or from the following equation: 

42.75\-19 

Re? 


G = specific gravity of the liquid at the flowing tempera- 
ture referred to water at standard conditions. 


p\ = upstream relieving pressure, psig (kPag). This is the 
set pressure plus allowable overpressure. 


ps = back pressure, psig (kPag). 


3.8.1.3 When a relief vaive is sized for viscous liquid ser- 
vice. it should first be sized as if it were for a nonviscous type 
application (i.e., K, = 1.0) so that a preliminary required dis- 
charge area, A, can be obtained from Equation 3.9. From APE 
Std 526 standard orifice sizes, the next orifice size larger than 
A should be used in determining the Reynold’s Number, 2, 
from either of the following relationships: 
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US Customary Units 
R = G280xG) (3.10) 
pA 
or 
32,700 x@ BID 
udA 
SI Units 
Re Q(18,800 x G) (3.10) 
uA 
or 
85.220x 0 
a = 88220x0 Gal 
udA 
where 


R = Reynokd’s Number. 


Q = flow rate at the flowing temperaure, U.S. gpm (liters/ 
mun). 


G = specific gravity of the liquid at the flowing tempera- 
ture referred to water at standard conditions. 


H = absolute viscosity at the fiowing temperature, centi- 
poise. 


A = effective discharge area. in.2 (mm?) (from API Std 
526 standard orifice areas). 


U = viscosity at the flowing temperature. in Saybolt Uni- 
versal seconds, SSU. 


Note: Equation 3.11 is no: recommended for viscosities less than 
100 Saybolt Universal seconds. 


3.6.1.4  Afier the Reynold’s Number, R, is determined, the 
factor K, is obtained from Figure 36. X,, is then applied in 
Equation 3.9 to correct the preliminary required discharge 
area. If the corrected area exceeds the chosen standard orifice 
area, the above calculations should be repeated using the next 
larger standard orifice size. 


3.8.2 Example 


3.8.2.1 In this example, the following relief requirements 
are given: 


a. Required crude oil flow caused by blocked discharge. Q. 
of 1800 gpm (6814 liters/min). 

b. The specific gravity. G, of the cnide oil is 0.90. The vis- 
cosity of the crude oii at the flowing temperature is 2000 
Saybolt Universal seconds. 


c. Relief valve set at 250 psig (1724 kPag), which is the 
design pressure of the equipment. 
d, Back pressure is variable from 0 to 50 psig (345 kPag). 


3.8.2.2 in this example, the following data are derived: 


a. Overpressure of 10%. 

b. Relieving pressure, P), of 1.10 x 250 = 275 psig (1896 
kPag). 

c. Back pressure of (50/250) x 100 = 20%. 

d. A balanced bellows valve should be selected, since the 
back pressure is variable. From Figure 31, the back pressure 
capacity correction factor, Ky, = 0.97. 

e. The effective coefficient of discharge for preliminary siz- 
ing. Kg= 0.65, 


3.8.2.3 Sizing first for no viscosity correction (K, = 1.0). 
the size of the relief valve is derived from Equation 3.9 as fol- 
lows: 


és 1800 
38.0 0.65 x 0.97 x 1.0. 1.0: 


Ar 


= 4752 in* (3066 mm?) 


where Ap is the required area of the selief valve without any 
viscosity correction. An area of 6.98 ia. [4136 mm} CP" 
orifice) should be selected from API Std 526. 


3.82.4 The Reynold’s Number, 2. is then calculated using 
Equation 3.11. 


32,700 x 1800 
R= So = 4525 
2000 /6.38 


3.8.2.5 From Figure 36. the viscosity enrrectian factor is 
determined, K, = 0.964. 


‘Therefore: 


= 4.930 in? (3180 mm") 


3.8.2.6 For this example problem, select an “P” orifice 
pressure relief vaive (6.38 in? (4116 mm2]}. that is, 2 4P6 
pressure relief valve. 


3.9 SIZING FOR LIQUID RELIEF: PRESSURE 
RELIEF VALVES NOT REQUIRING CAPACITY 
CERTIFICATION 


3.9.1 Before the ASME Code incorporated requirements 
for capacity certification, valves were generally sized for 


64. AP! RECOMMENDED PRACTICE 520 


Ky Viscosity Correctior Factor 


101 102 


104 108 


A= Reynolds Number 


Figure 36—-Capacity Correction Factor, K,, Due to Viscosity 


liquid service using Equation 3.12. This method assumes an 
effective coefficient of discharge, Ky > 0.62. and 25% 
overpressure. An additional capacity correction factor, Kp, is 
needed for relieving pressures other than 25% overpressure, 
see Figure 37. This sizing method may be used where 
capacity certification is not required or is unknown. 


3.9.2 This method will typically result in an oversized 
design where a liquid valve is used for an application with 
10% uverprcssue (see 2.2.1.2). A Ky comectivu factor of 0.6 
is used (see Figure 37) for this situation, 


US Customary Units 
ee De SG 2 
AS RRR KKK Ap op Ol? 
SI Units 
__UL78x@ q 
A” RR KKK 1p ps G2) 
where 


A = required effective discharge area, in? (mm). 
Q = flow rate, U.S. gpm [liters/min]. 


Ky 


Ke 


G 


Po 


0 


rated coefficient of discharge that should be 
‘obtained from the valve manufacuurer. For a prelim- 
inary sizing estimation, an effective discharge coef- 
ficiemt of 0.62 can be used. 

correction factor due to back pressure. If back pres- 
sure is atmospheric, X,, = 1. Balanced bellows 
valves in back pressure service will require the cor- 
rection factor determined from Figure 31. Conven- 
tional valves require no special correction. See 3.3. 
combmation correction factor for installations with 
a rupture disk upstream of the pressure relief valve 
(See 3.11.2). Use a value for K, equal to 1.0 when a 
rupture disk does not exist. 

correction factor due to viscosity as determined 
from Figure 36 or from the following equation: 


2.878 | 342.75\19 
(0.9955 are =) 
correction factor due to overpressure, At 25% over- 
pressure, K, = 1.0. For overpressures other than 
25%, Kp is determined from Figure 37, 
specific gravity of the liquid at the flowing tempera- 
ture referred to water at standard conditions. 
set pressure, psig {kPag]. 
total back pressure. psig {kPag]. 
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a 
& 


Correction Factor, Ki, 


“10 20 30 40 50 
Percent Overpressure 


Note: The curve above shows that up to and including 25% overpressure. capacity 
is affected by the change in lift. the change in the orifice discharge coefficient, and 
the change in overpressure. Above 25%. capacity is affected anty by the change in 
overpressure, Noncertified valves operating at low overpressure tend 10 chatter: 


therefore, overpressures of less than 10% should be avoided. 


Figure 37—Capacity Correction Factors Due to Overpressure for Noncertified 
Pressure Relief Valves in Liquid Service 


3.10 SIZING FOR TWO-PHASE LIQUID/VAPOR 
RELIEF 


3.10.1 A pressure relief device handling a liquid at vapor 
liquid equilibrium or a mixed phase fluid will produce 
flashing with vapor generation as the fluid moves through 
the device. The vapor generation must be taken into 
account, since it may reduce the effective mass flow capac- 
ity of the device. 


3.10.2 A recornmended method for sizing pressure relief 
devices in two-phase service is presented in Appendix D. The 
user should be aware that there are currently no pressure 
relief devices with ceftified capacities for two-phase flow 
since there are no testing methods for certification. 


3.10.3 A balanced or pilot operated pressure relief valve 
may be necessary when the increase in back pressure due to 
flashing or two-phase flow conditions is excessive or cannot 
be adequatcly predicted. The actual flowrate through 4 
device can be many times higher if equilibrium is not 
achieved in the nozzle. 


3.10.4 For information about saturated water, see Section 
‘VIL Appendix 11, of the ASME Code. 


3.10.5 The designer should also investigare the effect of 
any autorefrigeration that may arise from the flashing of lig- 
uid. Materials of construction must be adequate for the outlet 
temperatures involved: in addition, the installation must pre- 
clude the possibility of flow blockage occurring from hydrate 
or possibly solid formation. 


3.11 SIZING FOR RUPTURE DISK DEVICES 
3.11.1 Rupture Disk Devices Used Independently 
3.11.11 Generat 


Ruplure disk devices may be used as the primary relief 
device for gas, vapor, liquid or multiphase service, The rup- 
ture disk size, when used as the sok relieving device shal} be 
determined as specificd i 3.11-1,2 uw 3.11.13. Section 
3.1.1.2 may only be used when a rupture disk device dis- 
charges directly to the atmosphere, is installed within 8 pipe 
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diameters from the vessel nozzle entry, has a length of dis- 
charge not greater than 5 pipe diameters, and has nominal 
diameters of the iniet and outlet discharge piping equal to or 
greaier than the nominal pipe size of the device, Section 
3.1.1.1.3 applies in all other cases. 


3.41.1.2 Rupture Disk Sizing Using Coefficient of 
Discharge Method (Kq = 0.62) 


BATS.2.1 The required discharge area, A in square inches, 
can be calculated using the appropriate equation for the flow- 
ing fluid (see Equations 3.2 - 3.7 for gas or vapor, Equation 
3.8 for steam, and Equation 3.9 for tiquid). When using these 
equations, a coefficient of discharge, Ky, of 0.62 should be 
aged (see 3.11.1.1 far limitations on using this method). 


3,11.1.2.2 The nominal size of the rupture disk device 
selected shall have a minimum net flow area equal to or 
greater than the required calculated discharge area. Consult 
the manufacturer for the minimum net flow area of the nup- 
ture disk device. 


3.11.1.3 Rupture Disk Sizing Using Flow 
Resistance Method 


3.41.1.3.1 The calculated size of a pressure relief system 
containing a rupture disk device may also be determined by 
analyzing the otal system resistance to flow. This analysis 
Shall take into consideration the flow resistance of the ruprure 
disk device, piping and other piping components, entrance 
and exit losses, elbows, tees, reducers, and valves. The caicu- 
lation shail be made using accepted engineering practices for 
determining fluid flow through piping systems. The calcu- 
lated relieving capacity shail be multiplied by a factor of 0.90 
or Tess to allow for uncertainties inherent with this method, In 
these calculations, flow resistance for rupture disk devices 
san be obtained frotn the manufacturer. The flow resistance is 
expressed in terms of velocity head loss (Kq}. ASME Code 
certified values should be used where available. 


3.11.1,3.2 An example of the flow resistance method is 
provided in Appendix E. 


3.112 Rupture Disk Devices Used in Combination 
with Pressure Relief Valves 


‘The capacity of a rupture disk device in combination with 2 
pressure relief valve, where the rupture disk device is located 
at the valve inlet may be determined by muhiplying the 
ASME stamped valve capacity by the combination capacity 
factor. K,. K, values are published by the Nationa! Board of 
Boiler and Pressure Vessel Inspectors for specific disk/valve 
combinations. When a disk/valve combination does not have 
a published X, then a Xz value of 0.90 shaill be used provided 
lhe flow wea is equal 10 ur gitater chan dhe isdet of the pres 
sure relief valve. 


4 References 


4.1 Thompson and O, E. Buxton, Jr. “Maximum Isentropic 
Flow of Dry Saturated Steam Through Pressure Relief 
Valves,” Transactions of the ASME Journal of Pressure Vessel 
Technology, May 1979, Volume 101, pp. 113-117. 


4.2 J, Heller. “Safety Relief Valve Sizing: API Versus CGA 
Requirements Plus a New Concept for Tank Cars.” 1983 Pro- 
ceedings —Rejining Department, Volume 62, American Peto- 
leum Institute, Washington, D.C., pp. (23-135. 


4.3 J.0, Francis and W.E. Shackelton, “A Calculation of 
Relieving Requiremems in the Critical Region,” 7985 Pa- 
ceedings—Refining Department, Volume 64, American Petro- 
feum Institute, Washington, D.C., pp. 179-182. 


4.4 ALG. bisher, “DIERS Research Program op Emergency 
Retief Systems,” Chemical Engineering Progress, August 
1985. pp. 33-36. 


4.8 HK Pauske and J.C. Leung, “New Experimental Tech- 
nique for Characterizing Runaway Chemical Reactions,” 
Chemical Engineering Progress, Avgust 1985, pp. 30-46. 


4.6 M.A, Groimes and J.C. Leung, “Code Methad for Eval- 
wating Integrated Relief Phenomena,” Chemical Engineering 
Progress, August 1985. pp. 47-52. 


4.7 A7TH.K. Fauske, “Emergency Relief Sysiem Design,” 
Chemical Engineering Progress, August 1985, pp. 33-56. 


4.8 M.A. Grolmes, J.C. Leung, and H. K, Fauske, “Large- 
Seale Experiments of Emergency Relief Systems.” Chemical 
Engineering Progress, August 1985, pp. 57~62. 


4.9 Publication 999 (English Edition), Technical Data 
Book—Peiroleum Refining, American Petroleum Institute, 
Washington, D.C. 


410 0. Cox, Jr. and MLL. Weirick, “Sizing Safety Valve 
Inlet Lines,” Chemical Engineering Progress, November 
1980. 


4.11 B.A. Van Boskirk, “Sensitivity of Relief Valves 10 
Iniet and Outlet Line Lengths.” Chemical Engineering, 
August 1982. 


412 1.C. Leung. “The Omega Method for Discharge Rate 
Evaluation,” Inernational Symposium on Runaway Reactions 
and Pressure Relief Design. American Institute of Chemical 
Engineers. New York, pp, 367-393, 1995, ISBN No. 0-8169- 
0676-9. 


4.13 M.A, Grolmes and J.C. Leung, “A Generalized Corre- 
lation for Slashing Choked Flow of Initially Subcooled Liq- 
uids.” ACHE fournat, Volume 34, April 1988, pp. 688-691. 


APPENDIX A—RUPTURE DISK DEVICE SPECIFICATION SHEET 


A line-by-line description of the information to be provided on the rupture disk device specification 
sheet is provided in this appendix, followed by a typical blank specification sheet. 


Line No. Instruction 


1. Hem Number. Sequential number from requisition. 
2. Tag Number: Number assigned to rupture disk which identifies mpure disk location. 


3. Service, Line, or Equipment No: Number identifying the service. line, or equipment in which the rupmare 
disk is insialied. 


4. Applicable Codes or Standards: Specify applicable codes or standards (e.g. ASME, API. 1SO, etc.) for 
sizing, marking, burs: tolerance, testing. etc, 


5. Vessel or Piping Maximwn Allowable Working Pressure: This pressure is defined in the ASME Code ané 
is specified by the user for the vessel or piping to de protected. This pressure may asc De used 10 evaluate 
proper Sizing and marking. 


6. Fluid: The process media is used by the user to define compatible materials for rupture disks and holders. 


7. Fluid State (initiating rupsure): Gas (vapor) or liquid. Some disks are designed 1o burst with vapor only. 
‘The user should consult the rupwre disk manufacturer for information about liquid service applications. 


B. Fluid Staze (relieving condition): Gas (vapor). liquid. or multiphase flow. Users need this information to 
calculate flow rates and size the rupture disk device. 


9. Required Relieving Capacity: User to document the required relieving capacity and units for the disk 
specified. Sex 3.11 for sizing of rupture disk devices. 


10. Molecutar Weight or Specific Gravity: (at relieving temperature) Needed to size relieving system 
components. 


11. Viscosity: (at relieving temperature) Needed to size relieving sysiem components if viscous fluid. User to 
specify units. 


12, Compressibiliry Factor (Z): This factor is used as a constant in disk sizing using the coeflicient of 
discharge method. 


13. Specific Heat Ratio: This constant is used in disk sizing calculations. 


14, Norma? Maximum Operating Pressure: The maximum pressure ax which the system normally operates. 
This pressure is used to calculate the operating ratio. 


15. Normal Maximum Operating Temperature: The maximum temperature at which the system normally 
operates, This temperature is used to evaluate disk type, material, and performance. 


16, Pressure Fluctuations (static, cyclic. pulsasing): Specify cyclic or pulsating Service when applicable. 
Cycling service is considered as a large amplitude and iow frequency. Cyclic service with vacuum cycles 
must be indicated. Pulsating service is considered as small amplitude and high frequency. For cestain 
types of rupture disks, the Operating ratio affects the service life in cyctic applications. 


17, Superimposed Back Pressure: See 1.2.3.3k for definition. A rupture disk is a differential pressure device, 
therefore, this pressure needs to be considered when specifying burst pressure. Additionally, 
superimposed backpressure is used lo determine disk type and construction. (e.g, vacuum/backpressure 
Supports). For disks vented to atmosphere, the superimposed back pressure is atmospheric pressure and i 
is constant. See 2.3.6.1 for a discussion on the effects of superimposed back pressure on rupture disk 
selection. 


18. Built-up Back Pressure: See 1. 
Pressure. 


19. Back Pressure: See 1.2.3.3: for definition. 


3; for definition. This pressure is used to determine system back 
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Line No. Instruction 


Inlet Vacuun Conditions: Inlet vacuum conditions are used to determine rupture disk type and 
construction (¢.g.. vacuum supports). Select and document vacuum units carefully, absohute units have 
positive values and gage units have negative values. 


Ouider Vacuum Conditions: A raptuce disk is a differential pressure device. therefore, ouiter vacuum meeds 
to be considered when specifying the burst pressure. 


Disk Located Upstream of Pressure Relief Vaive {yes/no}: This information is needed to verify proper 


* selection (¢.g.. 3% cule) of non-fragmenting disks. 


Disk Located Downstream of Pressure Relief Vaive (yes/noy. This information is needed by the user to 
verify installation and sizing requizements for this application. 


Nonfragmenting Disk (ves/aa): See |.2.1.4c for definition. User must specify nonfragmenting 
requirement to the manufacturer, 


Nominal Pipe Size: This information is used to identify the nominal size of the mating fittings, 


Applicable Flange Starudard & Class: This information is used ty identify preasure ratings and 
dimensions of holders. 


Flange Facing (inlet/outlet: Used to identify the mating flange facing, ¢.¢., RF. FF. 


Piping Connection {schedule/bore This is information is used to evaluate flow area and proper selection 
of hoiderless disks. 


Holder Tag No.: Number assigned to rupture disk holder which identifies holder Jocation. 


Nominal Holder Size: Specify nominal holder size. In some cases norninal holder size may be larger than 
the relief piping to obtain lower burst pressures. 


Design Type: Specify hoider type. such as insert of full bolting. Holder selection may be based oa ease of 
installation and maintenance or mating connections. Full bolting holders may reduce the heat flow to 
flange studs in a fire, 


Model Designator: When known. specify the spplicable manufacturer's model number, name, ot 
designator 


Quantity Required: Specify quantity of holders required. Preventive maintenance and spares should be 
considered. 


Holder Mauerial & Coatings (inlet): User should select an inlet material compatible with process fluids. 
Coatings ard linings are sometimes used to enhance corrosion resistance or reduce product buildup, 


Holder Maieriat & Coatings toutter/: Ovtlet bolder material may be different from inlet holder material 
and should be selected based on frequency and duration of exposure to process and downstream fluids. 


Gauge Tap (ves/no) and Size {NPT} {outiet): Gauge taps in holder outtets are primarity used to vent and/or 
monitor the cavity between a rupture disk and a downstream pressure relief valve, See 2.3.2.2, 


Studs and Nuts (yesino) and Material: Specify if studs and nuts are 10 be supplied with the rupture disc 
older and if so what materials (¢.g. alloy or Siainless stee}). 


Jackserms (yesénas Indicate if jackscrews ark required. lackscrews are useil to separate mating flanges to 
facilitate installation and rmaintenance af holders. 


Telltale Assembly (yes/no) and Material: Telltale assemblies typically consist of a pressure gauge, excess 
flow valve, and connecting fittings. These assemblies are installed in holder outlets that are located. 
upsiream of pressure relief valves, These devices provide venting and monitoring of the cavity between 
the disk and vaive as specified in 2.3.2.2, LF other monitoring devices are required, indicate here. 


Other. Space provided for specifying other accessories, 


Noreina! Disk Size: Specify nominal disk size. In some cases the nominal disk size may be larger than the 
relief piping to obtain lower barst pressures. 


Dist Type: Identify preference, if any, for forward-acting, revense-acting, or graphite. 
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i) 


Line No. Instruction 


3. 


44, 


45. 


47. 


49. 


50. 


ES 


52. 


53. 


Model Designator. When known, specify the applicable manvfacturer’s orode! number, oame, oF 
designarcr. 


Quantity Required: Specify quantity of disks equired. Startup, preventive maintenance, and spares should 
be considered, 


Manujacuring Range: Uset to specify ine desired manutacturing range. The manufacturing range must 
always be evaluated before the specified burst pressure is determined to ensure that the marked burst 
pressure wilt be within applicable ASME Code pressure limits. Manufacturing ranges generally depend 
on (a) the specified burst pressure level. (b) the rupture disk design type. and (c\ the rmpture disk 
manufacturer. Manufacturing ranges are expressed as (a) pius ar minus a percentage of the specified 
pressure, (b) plus or minus pressure units, or (c) 2ero percent or no manufacturing range. Sec 1.2.3.3h for 
definition. 


Specified Burst Temperature: User 1 specify the temperature at which the disk is 10 be rated and marked. 


Specified Burst Pressure: A pressure specified by the user taking into consideraon manufacturing range. 
burst tolerance, superimposed back pressure and operating pressure. 


Maximum Marked Burst Pressure: This pressure is calculated by adding the positive manufacturing range 
to the specified burst pressure. The maximum marked bursi pressure is then verified to meet the vessel or 
piping protection requirements for single, multiple, fire. or redundant applications. 


Minirwon Marked Burst Pressure: This pressure is calculated by subtracting the negative manufacusring 
range from the specified burst pressure. The minimum marked burst pressure is used to calculate the 
operating ratio. 


Operating Ratio: See 1.2.3.3q for definition. The operating ratio is used to evaluate the proper selection of 
the rupture disk and is calculated as follows: (a) For marked pressures above 40 psig the operating ralic is 
equal to the maximum normal operating pressure divided by the minimum marked burst pressure, (b) For 
marked pressures 40 psig and below, the operating ratio is equal to the maximum normal operating 
pressure divided by the minimum marked burst pressure, tess 2 psig. 


Maximum Flow Resistance Factor (k): When using the total flow resistance method to size relief piping 
components, specify the maximum flow resistance factor required for the rupeure disk. The maximum 
flow resistance factor ts expressed a5 2 velocity head loss. 


Rupture Disk Materials: The user is tesponsible for selecting and specifying rupture disk materials that 
are compatible with system fluids. Verify the selected materials are available for the rupture disk type, 
pressure. and temperature specified above. 


Manufacturer's Data: When available specify the manofecturey’s name and lot number, If the rapture disk 
has been previously ordered, the manufacuurer wii] have lol oumbes traceability 10 the previous onder 
rupuite disk specifications. 
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RUPTURE DISK DEVICE 
SPECIFICATION SHEET 


._|Inlet Vacuum Conditions 
__| Suet Vacuum Conditions 
Disk Located Upstream of Valve (yes/no) 


Disk Located Downstream of Vaive (yes/no) 
Not no} 
[27 TFiange Face (inietioutlet 


Nominal Pipe Size 


[Faroe Sancard a Cass — [Ta TRiping Senesute 8 
? [rupture Dick 
1, INompnat sc See 
Disk Type 

loge! Designator 
[wodel Desinater [44 fouantty Required 
Quant Rerued 35, [Mamutacunng Range, 
ne A as 


I 
iS 
5 
ig 
i 
| 


Note: Innteate neme to he filed in by the manntsetiter Winn an aster C7) 


Figure A-1—Rupture Disk Device Specification Sheet 


APPENDIX B—REVIEW OF FLOW EQUATIONS USED IN SIZING 
PRESSURE RELIEF VALVES FOR GAS OR VAPOR 


B.1 Development of Flow Equations 


8.1.1 The development of the vapor flow equation has 
been outlined in various places including standard thermody- 
namic texts and papers presented to API. Basically, the equa- 
tion is determined by a mass and energy balance around the 
pressure relief valve nozzle. Since the pressure changes as the 
vapor is accelerated in the nozzle. a selaionship becween 
pressure and volume is required to describe the changes m 
energy that occur. This pressure-volume relationship is 
described along an isentropic path to permit calculation of the 
maximum flow that can be obtained in 2 nozzle and serves as 
a reference point to determine the efficiency of an acwal noz- 
die. The equation obtained is rearranged algebraically to 
include only those variables dat ai¢ readily available at the 
inlet of the pressure relief valve. 


B12 The vapor flow equations of 3,6 used to determine 
the capacity of a pressure relief valve were developed under 
the following assumptions: 


a. That the ideal gas laws arlequately described the presenre- 
volume relationship of the expanding vapor. 

b. That no heat was transferred to or from the nozzle of the 
pressure relief valve (that is, adiabatic flow). 

c. That the vapor expansion followed an isentropic path. 


B.1.3 The assumption in Item b is representative of the 
conditions obtained in the nozzle of a pressure relief valve 
and does not impact the capacity equation to a significant 
degree. The assumption in item c thal the vapor expands isen- 
topically only provides a convenient means to determine the 
maximum capacity of a panicular nozzje. The actual capacity 
of the nozzle is determined by a flow test and the coefficient 
of discharge (the ratio of actual flow to the theoretical flow), 
Ky, becomes a derating factor applied to the flow equation. 


8.1.4 The assumption that the vapor obeys the ideal gas 
Jaws refers only to the pressure-volume relationship that is 
obtained during an isentropic expansion. This relationship 
can specifically be dascribed by the following equation: 
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PY = constant 
where 
P = pressure 
V = volume. 
x = specific heat ratio. 


B.%.5 This relationship affects the capacity equation 
through the coefficient C, which is a function of the specific 
heat ratio. (See Figure 32.) 


B.1.6 Even though many vapors encountered in refinery 
service do not follow the idea) gas Jaws, in Mosi Cases a pres- 
sure relief valve (PRV) is adequately sized based on this 
assumption. However. there may be unusual situations where 
deviations from ideal behavior are significant. In those cases, 
an isentropic expansion coefficient is used to characterize the 
actual pressure-volume relationship that exists in the PRY 
uugzie. Since this covfliciem is used in the same way as the 
ideal specific heat ratio, the form of che vapor sizing equation 
is identical. The coefficient C is calculated for a real gas using 
the isentropic expansion coefficient » instead of the specific 
hear ratio k. 


6.1.7 Determining the isentropic expansicn coefficiens for 
areal gas is Somewhat complicated because it is a function of 
both pressure and temperature and (¢ will vary chroughauc cite 
‘expansion process (for an ideal gas the isentropic expansion 
coefficient will remain constant). The coefficient can gener- 
ally be obtained from an equation of state that describes the 
pressure-volume reladonship: along any thermodynamic path 
but is restricted to an isentropic expansion path. 


8.1.8 Alkeratively, an isentropic expansion coefficient can 
be used based on an average value between the upstream 
pressure and the pressure in the throat ofthe nozzle which, in 
the case of maximum flow, is the critical flow pressure. 


APPENDIX C—PRESSURE RELIEF VALVE SPECIFICATION SHEETS 


C.1  Instructions—Spring-Loaded Pressure Relief Valve Specification Sheet 


Line No. Instruction 


1. Fill in item number 

2. Fill in user's pressure relief valve idemification number. 

3. Specify service, line, or equipment to be protected. 

4. Specify number of valves required. 

5. Specify the applicable Code(s) and whether Code Symbol nameplate stamping is required. 
6. Valve should compiy with API Standard 526, 

7. Check fire or specify other basis of selection. 

8. Specify whether 2 rupture disk is being used under the valve inie!. 

9. Specify whether valve is conventional, balanced-bellows, and/or balanced piston. 
10. Give description of valve inlet (full nozzle, semi-nozzle, or other type). 

11. Specify open or closed bonnet. 

12. Specify metai-to-metal or resilient scat. 
13. Hfother than API 527, specify seat test requirements. 
14, Specify pipe size of iniet, flange rating, and type of facing. 
15. Spocify pipe size of outla, flange rating, and type of facing. 

16. Specify type of connection if other than fianged (e.g.. threaded, socket weld. etc.). 
17. Specify material of body. 

18. Specify material of bonnet. 

19. Specify material of seat or nozzle and disk. 
20. Ifaresilient seat is required, specify material. 

21. Specify material of guide, 

22. Specify material of adjusting ring or rings. 

23. Specify materia) of spring and spring washer. 
24. Specify material of bellows. 
25. Specify matenal of batanced piston. 

26. Specify if materials should comply with NACE MROI75. 

71. Specify any other special material requirements. 
28. Specify serewed or bohed cap. 
29. Specify if the valve is to have a plain or packed lifting lever. or none, 

30. Specify whether a test gauge is required. 


31. Specify whether a bug screen in a bonnet vent of a bellows. or balanced piston valve is 
required. 


32. Specify other accessories that art required (x... limit switch). 
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Line No. 


Instruction 


53. 
34. 


35. 
36, 


37. 


38. 
39. 


40. 
at. 


Indicate flowing duid and state (liquid, gas, or vapor). 


Specify quantity of fluid that the valve is required ta relieve at relieving conditions and unit of 
measure (such as pounds per tu, gal per min, or cu ft per min). 


Specify the molecular weight or specific gravity of the fluid at the flowing temperature. 
Specify viscusity asd unit of measure at the flowing wcenperaure. 

Specify operating pressure and unit of measure. 

Specify set pressure and unit of measure. 


Specify maximum biowdowa as a percent of set pressure if different than manufacturer's 
standard, 


Specify the latent heat of vaporization. 

Specify the operating temperature and unit of measure. 

Specify the actual temperature at relieving conditions and unit of measure. 
Specify the increase in pressure in the discharge header as a result of flaw. 


Specify the amount of superimposed back pressure that normally exists on the valve oullet 
and unit of measure. If back pressure is variable. specify the minimum and maximum. 


Specify the set pressure at which the valve is adjusted to open on the test stand. The cold dif- 
ferential test pressure includes corrections to the set pressure for the service conditions of 
back pressure, or temperature. or both. 


Specify de overpressure allowed, as a percent of set pressure or us a unit of measure. 
Specify the compressibility factor. if used. 

Give the specific heat ratio as k= Cy /Cy 

Specify the calculated orifice area. in square inches. 

Specify the selected effective orifice atea in square inches. 

Specify the letter designation of the selected orifice. 

Fill in the name of the manufacturvr, if desired. 

Fill in the manufacturer's model of type numbers, if desired. 

‘Confirmation of orifice sizing calculations required from vendor. 
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‘Date 


[emfurmer LE AS Vi || Stamp Row VT 
‘Other |) Specity: 


SPRING-LOADED 
PRESSURE RELIEF VALVE 
SPECIFICATION SHEET 


"ag Number. 
Service, Line. or Equipment Number: 
Ld 


Comply with API 526: Yes {| No [} 
Cs Peunture Disk: Yes TL No ft] 
VALVE DESIGN MATERIALS 


a [) Bellows (} Balanced Piston | 
. Nozzle Type: Full { ] Semi [ ] 19. ‘Seat (Nozzle! 


Other IT Specify: 
(31. |Bonnet Type: Open [] Closed [J 21. Guide: 


[12.[SeatType: Metarto-Metal [J Restient [ ] 22 Adjusting Ringis) 


13, [Seat Tighiness AP] 527 (] 
[emer 1) Snes, 2 tows 


25. Batanced Piston: 


26. Comply with NACE MRO175: Yes {| NOL] 


27. Omer [) Speck’ 


iret Size: Facng: 
Outiet Size: Rating: Facing 
Pome spar eee eT 
{| ea eee 


CONNECTIONS: 


SERVICE CONDITIONS ACCESSORIES 
133. [Fisidang State: 28. Tcan: Screwed 11 Botted 1} 
| 34. [Required Capacity per Valve and Units: 29. [citing Lever. Piain [| Packed {| None (J 
35. [Molecular Weight or Specitic Gravity: = Test Gag: Yes [_] No [] 
[36. [Viscosity at Flowing Temperature and Units: [ 31. | Bug Screen: Yes {| Nol] 


Ln Sees Ae 

ee es 
a 

fae 

[ax [Gperating Temperstare angi Unie | SIZING AND SELECTION 

[22:[Rokeving Temperature and Units: J 00. [sleutates once Ares tn square nonesy ] 

CS a a ee ee 

[#2:|Supermpssed wack Pressure and Unis” st-[onfine Denignaton fener 

[a |Goid Diterential Test Preseure and Unna—[62, [Wanutacurer: 

is sabe Oeamencerrecevordn——fes iene 

lez Ronee rock? St vce Ree VET 

[ae Rao of Spesite Heats 


Note: Indicate items to be filled in by the manufacturer with an asterisk (*). 


Figure C-1—Spring-Loaded Pressure Reliaf Vaive Specification Sheet 
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C.2_ Instructions—Pilot-Operated Pressure Relief Valve Specification Sheet 


Line No. Instruction 
t. Fillin item umber. 


2. Fillin user's pressure retief vaive identification trumber. 
2. Specify serviee, line, or equipment to he protected. 
4. Specify number of valves required. 
5. Specify the applicable Code(s) and whether Code Symbol nameplate stamping is required. 
6. Valve should comply with API Standard 526. 
7. Check fire or specify other basis of selection 
8. Specify whether 2 rapture disk is being used under the valve inlet. 
9. Specify type of main vaive operation. 
10. Specify mumber of pilots per main valve. 
11. Specify if pilot js flow or nonflowing type. 
12. Specify type of action, pop or modulating. 
13. Specify sensing point as integral at main valve inlet or at a remote location. 
14. Specify metal-to-metal or resilient seal, 
15, If other than API 527, specify seat tightness test requirements. 
16. Specify if pilot venting is 10 atmosphere, valve outlet, ot other clased system. 
17. Specify pipe size of inlet, lange rating, and type of facing. 
38 Specify pipe size of outlet, flange reting, and type of facing. 
19. Specify type of connecuon if other than flanges (¢.g., threaded, socket weld, etc.). 
20. Specify material of body. 
21. Specify material of seat or nozzle and piston. 
22. Specify material of resilient seat (if required) and seals. 
23, Specify material of piston seal. 
24, Specify material of piston liner or guide. 
25, Specify material of diaphragm or bellows. 
26. Specify material of pilot body and bonnet. 
27. Specify material of pilot imeemals. 
28. Specify material of seat and seais of the pilot. 
29, Specify maeriat of diaphragm, 
30. Specify material of bing and fittings. 
31. Specify material of filter body and cartridge. 
32. Specify material of spring. 
33. Specify if materials should comply with NACE MR0175. 
34. Specity any other special maierial requoemenis, 
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‘Line No, Insuruction 

35. Specify if external filter is required. 

36. Specify if valve is to have a plain or packed lifting lever, or none. 

37. Specify if field test connection is required. 

WR Sperify if field test indiestor is required 

39. Specify if backflow preventer is required. 

40. Specify if manual blowdown valve is required, 

41. Specify if vest gauge is required. 

42. Specify other accessories that are required, 

43. Indicate flowing fluid and state (liquid, gas. or vapor). 

44. Specify quantity of fiuid that the valve is required to relieve at relieving conditions and unit 
‘of measure (such as pounds per hr, gal per min. or cu ft per min}. 

45. Specify the molecular weight or specific gravity of the fluid at the flowing temperature. 

46. Specify viscosity and unit of measure at the flowing temperature. 

45. Specify operating pressure and unit of measure 

48. Specify set pressure and unit of measure. 

49. Specify the maximum biowdown as a percent of set pressure if different than manufac~ 
turer's standard. 

50. Specity the latent heat of vaporization and unit of measure, 

51. Specify the operating temperature and unit of measure. 

52. Specify the actual temperature at relieving conditions and unit of macasure. 

53. Specify the inctease im pressure in the discharge header as a result of flow. 

54. Specify the amouni of superimposed back pressure that normally exists on the valve outlet 
and unit of measure. If back pressure is variable. specify the minimum and maximum. 

39. Spocity the set pressure al which the valve is adjusted fo open on the test stand. The cold 
differential teat pressure includes corrections to the set pressure for the service conditions 
of back pressure or temperature or both. 

36. Specify the overpressure allowed, as a percent of set pressure or as a unit of measure. 

57. Specify the compressibility factor, if used. 

58. Give the specific heat ratio as k= Cy /Cy . 

59. Specify the compressibility factor, if used 

OO. Spocity the selected effective onfice area in square inches. 

61. Specify the letter designation of the selected orifice. 

62. Fillin the name of the manufacwurer, if desired. 

63. Fili inthe manufacturer's model or type numbers, if desired, 

64, Confimation of orifice sizing calculations required from vendor. 


or 
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Other (1 Specity: 
ee eS: eee aaa eer 
SERVICE CONDITIONS 


PILOT-OPERATED 
PRESSURE RELIEF VALVE fio No 
SPECIFICATION SHEET Doles ge oe ee | 
Bye 
GENERAL SARIS OF SELECTION 
1. [Nem Number: $. jOode: ASME Vin [ } Stamo Requred: Yes |} No |) 
2. | Tag Number: Other_f ] Spectty: 
| 3. [Senice, Lina orEquicmentNumpar “16 Comply win PI S25: Ves tL Not) 
4. [humber Reouired 7. 
PS Traore Site Ves TNL] 
VALVE DESIGN: MATERIALS, MAIN VALVE 
9. [Design Type: Piston [ ] Diaphragm (} Bellows | | 20. Bady: 
46. 
12. [Pilot Action: Pop [ | Moduiating [ } 23. Piston Seal. 
13. {Pitot Sense: Imtemal { } Remote [ } 24. Piston LinetiGuide: 
Ta, [Seat Type Metario Metal || Resnent (1 
18, 
jotner [| Specity: MATERIALS, PILOT 
[15.|Piot Vert: Atmosprere | | Ouiet |] [26 Boay/Bonnet: 
[Other |} Specify: 27. internals: 
(Se 
29. Diaphragm: 
CONNECTIONS 
| 14. [Inlet Sina Rating: Faemg: 31. Fier Booy: ‘Cartage: 
[ #5. [Outer Size: Rasrg: Facing: 32. Spring: 


35. Comply wiht NACEMROI7S: Yes (1 NOI] 
34 Other { | Specty: 


ACCESSORIES 


the eee 
a“ 
['a5. [Molecular Wegnt or Spectic Gravity: 
Ee =e 
: 
[ 48. [Set Pressure and Unes: 40. fetanual iowsowm vane: Yes {TNO CT "Tf 
3 
50: lat onto Vaporeon Gat [ae ee LT Sects 
SIZING AND SELECTION 
| 54. JSuoerimposed Back Pressure and Units: 
| 85 [Cot Déterontiat Test Pressure and Units: Tai | 
iowa Sereenren Prat cron [6 ance 
[Rito of Spec Healgy "sa vena cacnanans Roqureas Ye TL Ne Td 


Note: indicate items 10 be filled in by the manufacturer with an asterisk (*). 


Figure C-2—Pitot-Operated Pressure Retief Valve Specification Sheet 


APPENDIX D—SIZING FOR TWO-PHASE LIQUID/VAPOR RELIEF 


D.1_ Sizing for Two-Phase Liquid/Vapor 
Relief a PF 


D.1.1 The method for two-phase sizing, presented in this 
Appendix, is one of several techniques currently in use ard 
newer methods are continuing to evolve as ime goes on. It is 
recommended that the particular method to be used for a two- 
phase application be fully understood. It should be noted that 
the methods presented in this Appendix have not been vali- 
dated dy test nor is there any recognized procedure for certi- 
fying the capacity of pressure relief valves in two-phase flow 
service. 


O.1.2 Many different scenarios are possible under the gen- 
eral category of two-phase liquid/vapor relief. In all of these 
sctnarios either a tvo-phase mixture enters the pressure relief 
valve (PRV) or a two-phase mixture is produced as the fluid 
moves through the valve. Vapor generation as a result of 
flashing must be taken into account. since it may reduce the 
effective mass flow capacity of the valve. The methods pre- 
sented in D.2.1 through D.2.3 can be used for sizing pressure 
relief valves in two-phase liquid/vapor scenarios. In addition, 
D.2.1 can be used for supercritical fluids in condensing wo 
phase flow: Use Table D.} to determine which section to con- 
sult for a particular two-phase relief scenario. 


D.1.3° The equations presented in sections D2! through 
are based on the Leung omega method [12]. This method 
is ede on the following assumption (Other specific assump- 
tions or limitations are presented in the appropriate section). 


Note: For high momentum discharges of two-phase systems, both 
thermat and mechanical equilibrium can be assumed. These assump- 
lions corresponid to the homogeneous equilibrium flow mode 
(HEM). 


D.1.4 A more rigorous approach using vapor/iquid equi- 
librium (VLE) models incorporated into computerized ana- 
lytical methods based on HEM can be considered. 


D.1.S For information about saturated water, see specifi- 
cally Section VIL Appendix 11. of the ASME Code. 


D.2 Sizing Methods 


02.1 SIZING FOR TWO-PHASE FLASHING OR 
NONFLASHING FLOW THROUGH A 
PRESSURE RELIEF VALVE 


D211 GENERAL 


The method presented in this section can be used for sizing 
pressure relief valves handling either flashing or nonflashing 
flow. For flashing flow, the two-phase system must consist of 
a saturated liquid and saturated vapu: and contain no noncon- 
densabic gas. For nonflashing flow, the two-phase system 
must consist of a highly subcooled liquid and either a non- 
condensable gas, condensable vapor or both. Fluids both 
above and below the thermodynamic critical point in con- 
densing two-phase flow can be handled as well. The foliow- 
ing procedure can be used. 


Table D-1—Two-Phase Liquid/Vapor Reliet Scenarios for Pressure Relief Vaives 


“Two-Phase Liguid/Vapor Relief Scenario Example Section 
Two-phase system (saturated liquid and saturated vapori enters PRY and Sanurated liquid/ vapor propane system Section D.2.1 
flashes, No noncondensable! gas present. Also includes fhrids both above and enters PRY and the liquid propane 
below the thermodynamic equilibrium point in condensing two-phase fiow. flashes. 
‘Two-phase system (highly subcooled® liquid and either non-condensable gas. Highly subcooled propane and nitrogen Section D.2.1 
sondensable vapor oF both) cnters PRY and docs nol flash. centers PRY and the propane dos net 

flash 

Subcooled (including saturated) liquid enters PRV and fiashes. No condens- __Subcooted propane enters PRV and Section D.2,2 
able vapor or noncondensable gas present. flashes, 
‘Two-phase system (noncondensable gas or both condensable vapor and non- ‘Saturated liquid/vapor propane system Section D.2.3 


condensable gas and either subcooied or saturated liquid) enters PRV and 


flashes. Noncondensable gas present. 


and nitrogen enters PRV and the liquid 
propane flashes. 


2.4 noncondensable par is 2 gas that is not easily condensed under normal process conditinns Common nonenndensable gases 
include air, oxygen, nitrogen, hydrogen, carbon dioxide, carbon monoxide, and hydrogen sulfide. 
>The term highly subcooted is osed to reiaforee that the liquid does aot Rash passing through the PRY. 
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Step 1—Caiculate the Omega Parameter, w 


For flashing multi-component systems with nominal boil- 
ing range? less than 150°F or flashing single-component sys- 
tems, use either Equation D.1, D.2, or D.3. If Equation D.1 or 
D.2 is used. the single-component system must be far from its 
thermodynamic critical point? (7, < 0.9 or P< 0.5). 


XaV, 0.37P,v, 0.185C,7,P,, y 
= Taf, O37 Pore to : 
ar er ad eas 
Katie. 2185 CoT oP of Ye 
ecg on 


where 
Xp = vapor mass fraction (quality) at the PRV inlet. 
Vyo = specific volume of the vapor at the PRV inlet (fC/tb). 
Yo = specific volume of the two-phase system at the PRV 
inket (ft3Ab). 
P, = pressure at the PRV iniet (psia}. This is the PRV set 


pressure (psig) plus the allowable overpressure (psi) 
pins atmospheric pressure 


Yio = difference between the vapor and liquid specific vol- 
umes at the PRY inlet (ft3/1b). 
Ayio = latent heat of vaporization at the PRY inlet (Btu/Ib). 


For multi-component systems, Ay, is the difference 
between the vapor and liquid specific enthalpies. 


liquid specific heat at constant pressure at the PRV 
inlet Btu/Ib - °R). 


T, = temperature at the PRV inlet (°R). 


ratio of specific heats of the vapor. Ef the specific heat 
ratio is unknown, a value of 1.Ocan be used. 


For flashing multi-component systems with nominal boil- 
ing range greater than 150°F, single-component systems wear 
the thermodynamic critical point, or supercritical fluids in 
condeusing (wu-phuse flow, use Bquatiun D.3. 


o= 92-1) 3) 


vn 4 


2The nominal boiling range is the difference in the atmospheric boil- 
ing points of the tightest and heaviest components in the system. 
JOther assumptions that apply include: ideal gas behavior. heat of 
vaporizauion and the heal capacity of the fluid are constant through- 
out the nozzla, behavior of the fluid vapor pressure with ternpersture 
follows the Clapeyron equation, and isenthalpic (constant enthalpy) 
flow process 


where 


vy = specific volume evaluated at 90% of the PRY inlet 
pressure P, (ft3/lb). When determining vo, the flash 
calculation should be carried out isentropically, but 
an isenthalpic (adiabatic) flash is sufficient 


Va = specific volume of the pwo-phase system at the PRV 
inlet (F134). 


For nonflashing systems, use Equation D.4. 


4) 


where 
¥p = vapor, gas, or combined vapor and gas mass fraction 
(quality) at the PRV inlet, 
Yygo = specific volume of the vapor, gas or combined vapor 
and gas at the PRV inlet (f2/1b). 
¥, = specific volume of the two-phase sysiem at the PRV 
iniet (#3/b). 


k = ratio of specific heats of the vapor, gas or combined 
vapor and gas. If the specific heat ratio is unknown, 
a value of |.0 can be used, 


Step 2—Determine if the Flow is Critical or Subcriticat 
P.> Py = critical flow 
P< P, = subcritical flow 


where 
P, = critical pressure (psia). 
Pp = Tho 


Te = critical pressure ratio from Figure D.1. This ratio can 
also be obtained from the following expression: 


= Ne+(@' -20)(1 ~ 1.) +20 lnn+ 20°(1 -7,)=0 


Py = pressure at the PRY inlet (psia). This is the PRY set 


pressure (psig) plus the allowabie overpressure psi) 
plus axmospheric pressure. 


P, = downstream back pressure (psia). 


Step 3-—Caiculaie the Mass Flux 


For critical flow, use Equation D.5. For subcritical flow, use 
Equation D.6, 


SIZING, SELECTION, ANU INSTALLATION OF PHESSUME-PELIEVING DEVICES In RIRRINERIES, PART I=SIZING AND SELECTION m 


(D.5} 


es 

ge SO tloimen oC nol) PA. 08) 
o(2-1)+1 

where 


G = mass flux (tvsef*). 


Tq = back pressure ratio. 


Pe 
ae 


Step 4—Caiculate the Required Area of the PRV 


where, 


A = sequired effective discharge area (in.7) 
W = mass flow rate (lb/hr). 


K, = discharge coefficient that should be obtained from 
the valve manufactures. For a preliminary sizing 
estimation, a discharge coefficient of 0.85 can be 
used. 


K, = back pressure correction factor for vapor that 
should be obtained from the vaive manufacturer. 
For a preliminary sizing estimation, use Figure 
D.2. The back pressure correction factor applies to 
balanced-bellows valves only. 


K, = combination correction factor for installations with 


a rupture disk upsvream of the pressure relief valve 
(See 3.11.2). 


= 1.0 when a rupture disk is not installed, 


= 0.9 whet a cupture disk is insialled int combination 
with a pressure relief valve and the combination 
does not have a published value. 


D212 Example 


In this example, the following relief requirements are 
given: 
a. Required crude cohimn overhead two-phase flow rate 
caused by an operational upset of 477,430 WuAu. This flow is 
downstream of the condenser. 
b. Temperature at the PRV inlet of 200°F (659.7 R). 


c. Relief valve set at 60 psig, the design pressure of the 
equipment. 

a. Downstream pack pressure of 15 psig (29.7 psia) (super- 
imposed back pressure = 0 psig, built-up back pressure = 15 
psig) 

e. Two-phase specific volume at the PRV inlet of 0.3116 fy 
th. 


In this example, the following data are derived: 


a. Permitted accumulation of 10%. 

b. Relieving pressure of 1.)0 x 60 = 66 psig (80.7 psia). 

c. Percent of gauge back pressure = (15/60) x 100 = 25%. 
Thus, the back pressure correction factor Kp = 1.0 (from Fig- 
ure D-2). Since the downstream buileup back pressure is 
greater than 10% of the set pressure, a balanced pressure 
relief valve should be used. 

Step 1—Calculate the Omega Parameter, o 


Since the crude column overhead system is a flashing 
multi-component system with nominal boilg range greater 
than 150°F, Equation D.3 is chosen to calculate the omega 
parameter, @. The specific volume evaluated at 0.9 x 80.7 = 
72.63 psia using the results of an isenthalpic (adiabatic) flash 
calculation from a process simulator is 0.3629 ft/lb. The 
omega parameter is calculated from Equation D.3 as follows: 


o= 9st) 


= 1,482 


Step 2—Determine if the Flow is Critical or Subcriticat 


‘The critical pressure ratio, n-. is 0.66 (from Figure D-1). 
‘The critical pressure P, is calculated as follows: 


P= 0.66 x 80.7 
= 53.26 psia 

The flow is determined to be critical since P, > Py. 
53.26> 29.7 


Step 3—Calculate the Mass Flux 
The mass fiux G is calculated from Equation DS as fol- 


lows: 
G = 68.09 x0.66x | —-8 
cea i 03116 x1 4 


= 594.1 Ibfs =f? 
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Step 4—Calcuiate the Required Area of the PRV 


‘The required area of the pressure relief valve A is calcu- 
lated from Equation D.7 as follows: 


As 0.04 x 477,430 
0.851 x 1x 594.1 


3378 in 


Select two (2) “Q” orifice and (1) “R” orifice pressure 
relief valves (2 x 11.05 + i x 26.00 = 38.1 in.) 

Since this example resulted in muitipie vaives, the required 
area could be re-calculated at 16% overpressure. 


D22 SIZING FOR SUBCOOLED LIQUID AT THE 
PRESSURE RELIEF VALVE INLET 


0.22.1 General 


The method presented in this section can be used for sizing 
pressure relief valves handling a subcooled (including satu- 
rated) liquid at the iniet. No condensable vapor or non-con- 
densable gas should be present at the inlet. The subcooied 
liquid either flashes upstream or downstream of the pressure 
relief valve throat depending on which subcooling region the 
fiow falls into. The equations in this section also apply to all- 
Tiquid scenarios. The following procedure can be used. 


Step i—Calculate the Saturated Omega Parameter, o. 


For multi-component systems with nominal boiling range* 
less than 150°F or single-component systems, use either 
Equation D.8 or D.9. If Equation D.8 is used, the fluid must 
be far trom its thermodynamic critical point (7, $ 0.9 or P, < 
0.59.4 


Ca 0:1850,.6,7.P( (pa) 
a 


where 
Pio = liquid density at ure PRY inlet (Ib/ft>). 


©, = liquid specific heat at constant pressure a¢ the 
PRY inlet (Biu/Ib +R). 


“The nominal boiling range is the difference in the atmospheric boil- 
ing points of the lightest and heaviest componests in the system. 
SOther assumptions that apply include: heat of vaporization and the 
heat capacity of the fluid are constant throughout the nozzle, behav 
ior of the fivid vapor pressure with tcmperawure follows the 
Clapeyron equation, and isenthalpic (constant enthalpy) flow 
process. 


T, = temperature at ‘he PRY inlet (R). 


2 
fy 


saturation (vapor) pressure corresponding to Ty 
(psia). For a mulei-component system, use the 
bubble point pressure comesponding to Ty. 

vyis = difference between the vapor and liquid specific 
votuuacs at Ps (CAD). 


Ayy = latent heat of vaporization at ?, (Btu/Ib). For 
multi-component systems, 4,y, is the difference 
between the vapor and liquid specific enthalpies 
at P,. 


For multi-component systems with nominal boiling range 
greater than 150°F or single-component systems near the 
thermodynamic critical point, use Equatinn D & 


os (G- } © 


where 
Pio = liquid density at the PRV inlet (Ib/ft*). 
po = density evaluacd a1 90% of the sauwativn (vapor) 
pressure P, corresponding to the PRY infet tempera- 
ure 7, (Ib/ft3). For a multi-component system, use 
the bubble point pressure corresponding 10 Tp for 
P;. When determining ps, the flash calculation 


should be carried out isentropically, but an isenthal- 
pic (adiabatic) flash is sufficient, 


Stop 2- Detarmine the Subcooling Region 


P,>Mg Py = low subcooling region (flashing occurs 
upstream of throat) 


P,< Tq Py = high subcooling region (flashing occurs 
at the throat) 


where 


Tg; = Wansilion saturation pressure ratic 


P, = pressure at the PRV inlet (psia), This is the PRV 
set pressure (psig) plus the allowable overpres- 
sure (psi) plus atmospheric pressure. 
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Step 3—Determine if the Flow is Critical or Suberitical 


For the low subcooling region, use the following compan- 
Sons. 


P.> P= critical flow 
P. <P, = subcritical low 


For the high subcooling region. use the following compari- 
sons. 


P, > Pq = critical flow 
Py < Pq = subcritical flow (all-liquid flow) 


where 
P, = critical pressure (psi). 
= Neo 


Nic = cfitical pressure ratio from Figure D.3 using the 
value of Ns. 


Nj = Saturation pressure ratio. 


P, 


Pp 


P, = downstream back pressure (psia). 


Step 4—Caloulate the Mass Flux 


In the low subcooling region. use Equation D.10. If the 
flow is ctitical, use 7), for 7; and if the flow is subcritical, use 
Na for 1). In the high subcooling region. use Equation D.11. [f 
the flow is critical, use P, for P and if the flow is subcritical 
(al-liquid flow), use P, for P. 


sembr -nd fone) tw, Mn a 


FP, (10) 
o(Re jas 
VT 
G= 96.3 pyp(Pp - PY? (D.1) 
where 
G = mass flux (Ib/s + ft2). 


Ta = back pressure ratio 


P, 
P, 


Step 5—Calculate the Required Area of the PRV 


The following equation is only applicable to turbulem flow 
systems. Most two-phase relief scenarios will be within the 
turbulent flow regime. 


A = 0.32082? ie 


TEES (0.12) 


where 
A = required effective discharge area (in.*). 
Q = volumenic flow rate (gal/min). 


Kz = discharge coefficient that should be obtained 
from the valve manufacturer For a preliminary 
sizing estimation. a discharge coefficient 0.65 
for subcooled liquids and 0.85 for saturated liq- 
uids can be used. 


Kp = back pressure correction factor for Jiquid that 
should be obtained from the vaive manufac- 
tures. For a preliminary sizing estimation, use 
Figure D.4. The back pressure correction factor 
applies to balanced-bellows valves only. 


K, = combination correction factor Sor insiallaions 
with a rupture disk upstream of the pressure 
relief valve (see 3.11.2), 


= LOwhen a rupwre disk is not installed, 


= 0.9 when a rupture disk is instalied in combina- 
tion with a pressure relief valve and the combi- 
nation does not have a published value. 


D222 Example 


In this exampie, the foliowing relief requirements are 
given: 


a, Required propane volumetric flow rate caused by Blocked 
in pump of 100 gal/min. 

b. Relief valve set at 260 psig, the design pressure of the 
equipment. 

c. Downstream total back pressure of 10 psig (24.7 psia) 
(superimposed back pressure = 0 psig. buill-up back pressure 
= 10 psig). 

4, Temperature at the PRV inlet of 60°F (519.67 R). 

¢. Liguid propane density at the PRV inlet of 31.97 Ibvft?. 

f. Liquid propane specific beat at constam pressure at the 
PRV inlet of 0.6365 Bu/lb>-R. 

g. Saturation pressure of propane corresponding to 60°F of 
107.6 psio. 

h. Specific volume of propane liquid at the saturation pres- 
sure of 0.03160 fb. 
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i. Specific volume of propane vapor at the sawraiion pres- 
sure of 1.001 f3/b, 

j. Latent heat of vaporization for propane at the saruration 
pressure of 152.3 Brwib. 


In this example, the following data are derived: 


a, Permitted accumulation of 10%. 

'b. Relieving pressure of 1.10 x 260 = 286 psig (300.7 psia). 
c, Percent of gauge back pressure = (10/260) x 100 = 3.8%. 
Since the downstream built-up back pressure is less than 10% 
of the set pressure, a conventional pressure relief valve may 
be used. Thus, the back pressure correction factor X, = 1.0. 
d. Since the propane is subcooled, a discharge coefficient Ky 
of 0.65 can be used. 


Step 1—Calculate the Saturated Omega Parameter a. 


Since the propane system is a single-component system far 
from its thermodynamic critical point, the saturated omega 
parameter «, is calculated from Equation D.8 as follows: 


@y = 0,185 x 31.92 x 0.6365 x 519.67 x io7ox( 


BSNS 


Step 2—Determine the Subcooling Region 


The transition saturation pressure ratio Ny, is calculated as 
follows: 


ny = -2x85I5 
142K 8.515 


= 0.9445 


The liquid is determined to fall imo the high subcooling 
region since P, < gPp. 


107.6 < 0.9445 x 300.7 = 284.0 


Step 3—Determine if the Flow is Critical or Suberitical 


The flow is determined to be critica since P, > P,. 
307.6.> 24.7 


Step 4—Caiculate the Mass Flux 


The mass flux G is calculated from Equation D.11 as fol- 
lows: 


G = 96.3 [31.92 x (300.7 - 107.6)! 


= 7560 Ibyseft? 


Step 5—-Calculate the Required Area of the PRV 


‘The required area A of the pressure eelief valve is calcu. 
lated from Equation D.12 as follows: 


100 x 31.92 


4 = 03208 eee x 75D 


= 0.208 in? 
Select an “F” orifice pressure relief valve (0.307 in.2). 


0.2.3 SIZING FOR TWO-PHASE FLASHING FLOW 
WITH A NONCONDENSABLE GAS 
THROUGH A PRESSURE RELIEF VALVE 


D.2.3.1 General 


‘The method presented in this section can be used for siz- 
ing pressure relief valves handling two-phase flashing flow 
with a noncondensable gas or both a condensable vapor and 
noncondensable gas. This approach is noc valid when (he sol- 
ubility of the noncondensable gas in the liquid is apprecia- 
ble. For these situations, the method presented in D.2.1 
should be used. 

Tn dais encUnod, the term vapor (subscript v) will be used lo 
refer (0 the condensabie vapor presemt in the two-phase flow 
and the term gas (subscript g) will be used 10 refer to the non- 
condensable gas, The following procedure can be used. 


Step 1—-Calculate the Iniet Void Fraction o,. 


a, = A2te (D.13) 


where 
X_ * gas or combined vapor and gas mass fraction 
(quality) at the PRV inlet. 
Yugo * Specific volume of the gas or combined vapor 
and gas at the PRV inlet (f2/1b3. 
Yo = specific volume of the two-phase system at the 
PRY inlet (f12/1b), 


Step 2—Calculate the Omega Parameter, @ 


For systems that satisfy all of the following conditions, use 
Equation D.14, 


a. Contains less than 0.1 weight % hydrogen. 
b. Nominal boiling range’ less than 150°F. 


The nominal boiling range is the difference in the atmospheric boil- 
ing points of the fightest and heaviest components in the aystera. 
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¢c. Either Pyo/P, less than 0.9 or Pao/P, greater than 0,1. 
d. Far from its thermodynamic critical point (7, $0.9 or Pr $ 
0.5). 


Voie 


a, . 
= B+ 01851 -a0p.6,7.2.(2)  @.14) 


where 


Pyo = Saturation (vapor) pressure corresponding to the 
inlet temperature 7, (psia). For a multi-compo- 
hent system, use the bubble point pressure cor- 
responding to T,. 


P, = pressure at the PRV inlet (psia). This is the PRV 
bet preccure (psig) plus the allowable overpres 
sure (psi) plus atmospheric pressure. 

Peo = noncondensable gas partial pressure at the PRV 
inlet (psia). 


> 


= ratio of specific heats of the gas or combined 
vapor and gas. If the specific heat ratio is 
unknown, a value of I can be used. 


Dr = liquid density at the PRV inlet (Ib/ft?). 


Cp * liquid specific heat at constant pressure at the 
PRV inlet (Buw/IbR). 


T, = temperate at the PRV inlet (R). 


vio * difference between the vapor§ (not including 
any noncondensable gas present) and liquid 
specific volumes at the PRV inlet (£/Ib). 


Ajo = latent heat of vaporization at the PRY inlet 
Baw}. For multi-component systems, Ayjp is 
the difference between the vapor and liquid spe- 
cific enthalpies. 


Go to Step 3 to determine if the flow is critical or subcriti- 
cal. 

For systems that satisfy one of the following conditions, 
use Equation D.15. 


a. Comains more than 0.1 weight % hydrogen. 
b. Nominal boiling range greater than 150°F. 


7Other assumptions that apply include: ideal gas behavior. heat of 
vaporization and the heat capacity of the fluid are constant dirough- 
out the nozzle, behavior of the fuid vapor pressure with ternperature 
follows the Clapeyron equation, and isenthalpic (constant enthalpy) 
fiow 3 

§To obtain the vapor specific volume when a noncondensable gas is 
present at the PRV inlei. use the vapor partial pressure (from the 
mole composition) and the ideal gas jaw to calculate the volume. 


c. Either Pyo/P,, greater than 0.9 or Pee/P, less than 0.1. 
d. Near its thermodynamic critical point (7, 20.9 or P, 2.0.5). 


o= 92-1) 9.15) 


¥, 
where 
vg = specific volume evaluated at 90% of the PRV 
inlet pressure F, (ft/lb). When determining v9, 
the flash calculation should be carried out isen- 


qopically, but an isenthalpic (adiabatic) flash is 
sufficient, 


Go to Step 4 to determine if the flow is critical or subcritical. 


Step 3—Determine if the Flow is Critical or Subcritical 
(o calculated from Equation 0.14) 


P,,> Pq = critical flow 
P, <P, = subcritical flow 


where 


~ 
a 


"; = critical pressure (psia). 


[eeRee +2 - Ite) Mele 


go = inlet gas mole fraction in the vapor phase, Can 
be determined using given mole composiion 
information or the following equation. 


Pap 
z 


Tige = Nonflashing critical pressure ratio from Figure 
‘D.1 using the value of © = G,/k. 


Te = flashing critical pressure ratio from Figure D.1 
using the value of a. 


¥, = downstream back pressure (psia). 


Go to Step § 


Step 4—Determine if the Flow is Critical or Subcritical 
(@ calculated from Equation 0.15) 


P, > P, = critical flow 


P, <P, x» subcritical flow 
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where 
P,= critical pressure (psia). 
=e Po 


Tie = critical pressure ratio from Figure D.1. This ratio can 
also be obtained from the following expression: 


= nite? —2o)() -1,)°+ 20 lant 20°(1-n.)=0 
P, = downstream back pressure (psia). 
Go to Step 6. 


Step 5—Catculate the Mass Flux (co calculated from 
Equation D.14) 


For critical flow, use Equation D.216. 


2k Ue 
Gs ss. o9{ 2 Hare? + Carel j 


where 


G = mass flux (Ibis - ft"). 


For subcritical flow, an iterative solution is required. Solve 
Equations D.17 and D.18 simuhaneously for 1, and ly. 


Ne * YooMe + (1 -Je0)M (D.17) 
a fl 
S{=-1)=o/>-1 DAB 
% Gy } oly, ) 2 
where 
Tg = nonflashing partial pressure ratio. 
My = flashing partial pressure ratio. 
Use Equation D.19 to calculate the mass flux. 
G = [y.Gt(1-¥ GT” (D.19) 
where 
Gg = nonfiashing mass flux {b/s « ft?). 


san 2fen, = (e-tjo- nol} : 


G,, = flashing mass flux (Ibis « ft”). 


88.09(-2[winn, + (@~ 0-491}? 


oft} 


Pry, 


Go to Step 7. 


Step 6—Calculate the Mass Flux (@ calculated from 
Equation D.15) 


For critical flow, use Equation D.20, For subcritical flow, 
use Equation D.21. 


[Po 
G = 68.099, |—* 
co 


20) 


engl? 
go eaten ee nH Jy, D2 
ai =) Jet 
Ty 
where 
G = mass flux (ib/s + f°). 
Ta = back pressure ratio. 


Py 


P, 


” 


Step 7-Calculate the Required Area of the PRV 


_ 0.04W 5 
ae KK, K.G (0.22) 


where 


A = required effective discharge area (in.*). 
W = mass flow rate (Ib/hr). 


K, = discharge coefficient that should be obtained from 


the valve manufacturer. Fora preliminary sizing esti- 
mation, a discharge coefficient of 0.85 can be used. 


,, = back pressure correction factor for vapor that should 
be obtained from the valve manufacturer. For a pre- 
liminary sizing estimation. use Figure D.2. The back 
pressure correction factor applies to balanced-bel- 
lows valves only. 


K, = combination correction factor for installations with a 


Tupture disk upstream of the pressure relief valve 
(See 3.11.2). 


= 1.0 when a rapture disk is not insiailed, 


0.9 when a rupture disk is installed in combination 
with a pressure relief valve and the combination does 
not have a published value. 
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D.232 Example 


In this example, the following relief requirements are 
given: 
a. Required gas oil hydrotreater (GOHT) flow rate caused by 
an operational upse: of 153,830 Ib/hr. 
b, Temperature at he PRV inlet of 450°F (909.67 R). 
&. Relief valve set at 600 psig, the design pressure of the 
equipment. 
d. Downstream tota) back pressure of 55 psig (69.7 psia) 
{superimposed back pressure = 0 psig, built-up back pressure 
= 35 psig). 
¢. Twouphase specific volume at the PRV inlet of 0.1549 £2/1b. 
f. Mass fraction of the vapor and gas at the PRV iniet of 
0.3596. 
g. Combined specific volume of the vapor and gas at the PRV 
inlet of 0,2462 fob. 
h. Inlet gas mole fraction in the vapor phase of 0.4696. Non- 
condensable gases in the GOHT system include hydrogen. 
nitrogen, and hydrogen sulfide. 
i. Since the specific heat ratio £ is unknown, a value of 1.6 
will be used, 


in this example, the following dara are derived: 


a, Overpressure of 10%. 
b. Relieving pressure of 1.10 x 600= 660 psig (674.7 psia) 
c. Percent of gauge back pressure = (55/600) x 100 = 9.2%. 
Since the downstream back pressure is less than 10% of the 
Sel pressure, 2 conventional pressure relief valve should be 
used. Thus. the back pressure correction factor X, = 1.0. 


Step 1~Catoulate the Inlet Void Fraction, ot, 
The inle: void fraction, &,, is calculated from Equation 
D,13 as follows: 


ox, x 0:5596%0.2462 
TI 


= 0.8894 


Step 2--Calculate the Omega Parameter, «9 


Since the GOHT system has a nominal boiling range 
greater than 150°F, Equation D.15 is used 10 calculate the 
omega parameter «. The specific volume evaluated al 0.9 
x 674.7 = 607.2 psia using the results of an isenthalpic 
(adiabatic) flash caicuiation trom a process simulator is 


0.1737 f3b. The omega parameter is calculated from 
Equation D.15 as follows: 


0.1737 
oe te 1) 


= 1.092 


Step 4—Determine if the Flow is Critical or Subcritical 
‘The critical pressure ratio, nc, is 0.62 (from Figure D.1 


using @= 1.092). This ratio can also be obtained from the fol- 
lowing expression: 
Re+(w'— 20)(1 —1,)'+20' Ing 420° -9)=0 
The critival pressure P, is catculaced as follows: 
P= 0.62 x 674.7 
= 418.3 psia 
The flow is determined to be critical since P, > P,. 


418.3 > 69.7 


Step 6—Calculate the Mass Flux, G 
‘The mass flux G is calculated from Equation D.20 as fol- 


Jows: 
Tay 
=. 4 5D | cs, 
G = 68.09% 0.62 fare BD 


= 2666 Ib/s + ft? 


Step &—Calculate the Required Area of the PRV 


The required area of the PRV is calculated from Equation 
D.22 as follows: 


_ 0.04 x 153.836 
0.85 x [x 1 x 2666 


= 272 in? 


Select an “L” orifice pressure relief vaive (2.853 in}, 
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Critical Prosaure atic 


12 
Noo-flashing flow cae Mee Flashing flow 


0.8 


06 


04 + a 
wet = Ng)? + Zein, + 202 (1 — Hh) 


O2 


0.0 
0.01 at + 10 
Omega Parameter, © 


Figure D-1—Correlation for Nozzle Critical Flow of Flashing and Nontiashing Systems 
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16% Overpressure| 
{see Note 2) 


0.80 10% Overpressure 


Backpressure Correction Factor, Ky 


° 8 10 1s 20 25 30 35 40 45 50 
Percent of Gauge Pressure = (Pg/Ps) x 100 


Pp back pressure, in psig. 
t pressure, in psig. 


Notes: 

1. The curves above represent 2 compromise of the values recommended by a number of relief valve manufac 
turers and may be used when the make of the valve or the critical flow pressure point for the fluid is 

unknown. When the make of the valve is known, the manufacturer should be consuited for the correction 

factor. These curves are for set pressures of 50 psig and above. They are limited to back pressure below crit~ 

‘ical flow pressure for a given set pressure. For set pressures below 50 psig or subcritical flow, the manufac- 

‘urer must be consulted for values of K;,. 

See paragraph 3.3.3. 

3. For 21% overpressure, Ky, equals 1.0 up to Pa/Ps = 50%. 


pe 


Figure D-2—Back Pressure Correction Factor, K,, for Balanced-Bellows Pressure Relief Valves (Vapors and Gases) 
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al Pressure Ratio, te 


0.75 0.60 0.85 0.90 0.95 4.00 1.05 
Saturation Pressure Ratio, ng 


Figure D-3—Correlation for Nozzle Critical Flow of inlet Subcooled Liquids 
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Ke 


° 10 20 


30 ag 


50 
Percem: of gauge back pressure = (PyPg) x 100 


Kp = comertion factor due to back pressure. 
P,, = back pressure. in psig. 
Ps 


Set pressure, in psig. 


Note: The curve above represents values recommended by various manuslacturers. This 


curve may be used when the manufacturer is not known, Otherwise, the manufacturer 
should be consuited for the applicable correction factor. 


Figure D-4—Back Pressure Correction Factor, K,, for Balanced-Bellows Pressure Relief Vaives (Liquids) 


APPENDIX E--CAPACITY EVALUATION OF RUPTURE DISK AND PIPING SYSTEM 
100% VAPOR FLOW AND CONSTANT PIPE DIAMETER 


£1 General 


E.1.1 The following method can be used to estimate the 
vanor capacity of a rupture disk/piping system of constant 
diameter. The method is based on compressible pipe flow 
cguations contained in Crane Technical Paper No. 410— 
“Flow of Fluids Through Valves, Fittings, and Pipe,’ and the 
application of standard resistance factors (K' values) from API 


RP 521. 


£.1.2 The method assumes that C,/C, is equal to 1.4. This 
assumption provides conservative results. The method can be 
applied to 2 piping system with varying diameters by treating 
each section of constant diamever separate. 


E.1.3 The method presented in Crane No. 410 is based on 
gvaphical evaluation of severa} parameters. Curve fits of the 
graphical data are also presented below to allow direct solu- 
tion without the graphical data. The use of the curve fiting 
equations introduces negligible error relative to the accutacy 
of the X factors. 


E2 Example Problem 


Figure E-1 shows the arrangement of the vesse! and rup- 
ture disk/piping system for the example problem, 


Step i—Determine Required information 


a. MAWP = 100 psig. 

b. a = relieving pressure = 110% = 124.7 psia 

¢. 7) = relieving temperature = 200°F + 460°F = 660 R. 
on = relieving compressibility = 1.0. 

&. Mew eaohesuter weight = 20.0. 

{ Ps=back pressure = 14.7 psia. 


‘Step 2—Determine Overall Piping Resistance Factar, K 


Description K Value Source of K Value Dat 
Slightly Rounded 0.50 Crane 410, Page A29 
Enrance 

Rapture Disk 1.50 API 521, Table 1! 
15-3" Scheduled 1.04 

Pipe 


Dz 3.068'/12= 0.2957 fi 
Sudden Expansion — 1.00 AP] 521. Table 11 


Total Systets XK 4.08 


Step 3—Determine Yeon, ANG OPgoni/Py Based on 
Total System K 


This step is based on the Crane 410 A-22 Chart Method for 
Obtaining Yjonie and dPsoniefP |. From chart and table on A-22 
for k(CpiCy) = 1A. 

Voonic 0.65 


0.70 


AP sonic P 


As an altemate to the chart method, a curve fit of Crane 
410 A-22 Chart for Obtaining Yronic and dP yoni has been 
provided: 


For dPyanid Py: 
If 1.2< KE 1G, then dPyynjelP; = 0.11 07in(K) + 0.5352 
Hf 10 < K€ 100, then dP goqsc/P = O.0600in(K) + 0.6513 
For ¥sonte: 
T61.2 < K £20, then Yeonie = 0.0434n(K) + 0.5889 
If 20 < KS 100, then Yyonic = 0.710 
Based on K = 4.04: 
AP sonicl P| = 0.69 
Ysanie = 0.65 
Step 4—Compare OPoni¢P: to Pactual: 
Pre auahP = (124.7 pia - 14.7 psiay/I24.7 ‘psia= 0.88 
Since dPsoniclP, < dPactyayP 1, the flow will be sonic (criti- 
cal). Use Yionic and 4ProniefP) and skip to Step 6 (if subsonic, 
Proceed to Step 5). 


Step 5—Evaluate Yacua (Subsonic Cases Onty} 
Using the Crane 440 A-22 Chan Method to obtain Yoeruat 


a AC dPyrua/P, and K determine acme; from the A-22 
Chart. 
BD. Use dPactuatP Od Yorcnic) in Step 6. 
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To header or atmosphere 


Pe 
Suaden expansion —————~+ 


muueedse nn see > sna 
Burst P= 100 psig 
si] ES 


Slightly rounded envance 


Figure £-1—Pressure Retief System for Example Problem 


12 feet 
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Using the Curve Fit Method for Obtaining Vacnsa!: 
a. Calculate Yea! from the following equation: 


t= Stl ea 


b. Use dPrewat and Yacquat in Step 6 in place of APyonje/P 
and Yronte- 


Step 6—Caiculate Capacity Based on Crane 410 Equa- 
tion 3-20 


We asfrsorya" | 


Using the Chart Method Values: 


a. Y=Ygnic = 0.65. 

b. Fipe ID (inches) = 3.068 inches. 
¢. GP = (dProqiclP1(P1) = 87.3 Psi. 

a. K = Overall resistance = 4.04. 
e. Vj = Vapor specific vol 84 fPAb (Obtained using 
ideal gas law and compressibility) W = 28,720 Ibvr. 


Using the Curve Fit Method Values: 


a ¥. 
b. 
¢. dP = (dP soniclP \P1) = 86.0 psi. 
a. K= Overall resistance = 4.04. 

¢. ¥; = Vapor specific volume = 2.84 fb (Obtained using 
ideal gas law and compressibility) W = 28,508 lb/hr. 


JP, or ¥ 


For K from 10 to 100, dP, = 0; 


Y= 0.0634LnK) + 0.5889 
ms 


5 19 18 20 25 30 35 


Pipe K Value 


Figure E-2——Curve Fil for Gp/Gy= 1.4 (Crane Figure A-22) 
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